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Introduction 


Yarn appearance is determined by the uniformity 
and perfection of the yarn and is a major factor in 
cotton fabric quality. Neps reduce the yarn appear- 
ance grades and therefore limit the use of the cotton. 
Neps are small, tangled, ball-like masses of fiber. 
They result from the mechanical processing of the 
cotton. They may originate from machine picking, 
ginning, opening and cleaning, and particularly from 
the carding operation. Improper settings in any of 
these machines and excessive beating and over-heat- 
ing of the cotton are known [1, 2] to produce more 
than average neps. 

In addition to the neps caused by improper opera- 
tion, certain cottons appear to be more susceptible 
to nepping than others [3]. A study was made of 
the effect of fiber fineness (as shown by the Micro- 
naire) on the tendency of cottons to nep in ordinary 
processing into carded yarns. The processing pro- 
cedures were kept more or less constant and only 
the cottons were changed. This study included an 
analysis of the data reported by the Cotton Branch, 
United States Department of Agriculture, and special 
studies in the ACCO laboratory. 
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Experimental Procedure and Results 


Fiber and spinning studies have been reported by 
the Cotton Branch of the Production and Marketing 
Administration, United States Department of Agri- 
culture, on the 1946-51 crops, inclusive. These 
studies include, among other things, fiber fineness 
as shown by the Micronaire and neps per 100 sq. in. 
of card web. 

The samples represent all major varieties of Ameri- 
can upland cottons in production. Also represented 
are early, midseason, and late harvested cotton grown 
under widely different environmental conditions. 

In addition to the regular studies reported by the 
U.S.D.A., ACCO submitted samples for spinning 
tests under the program of cotton service testing. 
Presumably, they were spun in the same laboratories 
as those reported by the U.S.D.A., and therefore the 
data are comparable. The two sets of data are com- 
bined in Figure 1. 

The Micronaire fineness (converted to curvilinear 
scale) ranged from 2.3 to 6.2. The number of neps 
per 100 sq. in. of card web varied from 4 to 308. 
When the fineness (Micronaire) was plotted against 
the neps in the card web (Figure 1), it was found 
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that the number of neps increase as the Micronaire 
readings decrease. The increase was gradual down 
to about 4.0 Micronaire reading. Cotton with Micro- 
naire readings of 6.0 or higher gave an average of 


TEXTILE RESEARCH JouRNal 


about 10 neps, whereas those with 4.0 showed apy 
average of about 40 neps per 100 sq. in. of card web, 
Between 4.0 and 3.0 the number of neps increased 
rapidly, changing from what appeared to be a linear 





TABLE I. 


FIBER AND SPINNING Data FROM ACCO AnD U.S.D,A. 





Labora- 

tory in 
which 
spun 


ACCO 


U.S.D.A. 


ACCO 


U.S.D.A. 


ACCO 


U.S.D.A. 


ACCO 


U.S.D.A. 


ACCO 


U.S.D.A. 


ACCO 


U.S.D.A. 


Grade and staple length 
LM sp., 1 in. (B character) 
5 AE, 1} in.* 


M stain, #} in. 
SM YS, } int 


M, 3§ in. 
GM, 13, in. 


M, 3§ in. 
SM, 1 in. 


SM It. sp., +3 in. 
GM It. sp., 4% in. 


SM It. sp., 3 in. 
GM It. sp., 3% in. 


Fiber 
strength 
(Press- 
ley) 
(1000 
Ibs./ 
sq. in.) 


79 
84 


Upper 
half 
mean 
(Fibro- 
graph) 
(in.) 


.98 


67 
67 


89 
87 


84 
77 


81 
86 


89 


84 82 


Fiber 
fineness 
(Micron- 

aire 
reading) 
below scale 
below scale 


2.4 
2.4 


3.5 
3.6 


6.2 
6.2 


Picker 
and 
card 

waste 


(%) 
25.2 
29.02 


12.0 
14.88 





* Reduced from 1} in. irregular and wasty. 


+ Reduced from 1 in. irregular and wasty. 








Spinning 
sample 
no. 


3S-146 
3S-147 
3S-148 
38-149 
3S-150 
3S-151 
38-152 
3S-153 
3S-154 
3S-155 
3S-156 
3S-157 
3S-158 
38-159 
3S-160 


Spinning 
sample 
no. 


3S-93A 


3S-97B 
3S-92C 


TABLE II. FIBER AND SPINNING Data FROM ACCO LABORATORY 
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Fiber 
strength 
(Press- 
ley) 
(1000 
Ibs. / 
sq. in.) 


67 
77 
79 
80 
80 
80 
79 
78 
78 
84 
82 
83 
83 
86 
85 


Upper 
half 
mean 
(Fibro- 
graph) 
(in.) 


.90 
95 
.98 
9S 
94 
.99 
93 
94 
.96 
94 
95 
.96 
.90 
92 
88 


Fiber 
fineness 
(Micron- 
aire 
reading) 


2.3 
2.4 
2.6 
2.8 
3.2 
2.8 
3.1 
3.4 
3.8 
4.2 
4.4 
4.7 
5.0 
5.4 
$.7 


Card 
pro- 
duc- 
tion 
(Ibs./ 








Picker 


and 
card 
waste 


(%) 


19.7 
16.4 


Card 
pro- 
duc- 
tion 

(Ibs. / 
hr.) 


9.5 
» 














Open-boll cotton 
All cotton including bollies 
Bollies 


TABLE III. Comparison OF OPEN-BOLL COTTON, ALL COTTON FROM 





Grade and staple 
length 


SLM It. G, }$ in. 


SLM It. G, # in. 
SLM sp., }$ in. 


Upper 
half 
mean 
(Fibro- 
graph) 
(in.) 
1.01 


98 
.96 





Fiber 
strength 
(Press- 
ley) 
(1000 
Ibs. / 
sq. in.) 


69 


70 
66 


Fiber 
fineness 
(Micron- 
aire 
reading) 
4.4 


3.8 
3.0 


Picker 
and 
card 

waste 


(%) 


6.2 
9.9 
8.9 
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to a curvilinear relationship. One sample which had range of grades and staple lengths over a period of 
a Micronaire reading of 2.3 gave 308 neps per 100 six crop years, during which time changes may have 
sq. in. of card web. been made in testing procedures, the relationship is 

Although these data were accumulated on a wide very good. An attempt was made in this study to 


LABORATORIES ON SUBSAMPLES OF EACH OF SIX BALES OF COTTON 


Web appearance Num- 
Neps Trash Hrs. ber 
per per since strength 
Neps 100 100 last Twist : prod- 
per sq. sq. grind- multi- Yarn skein strength (Ibs.) uct Yarn appearance grade 


grain in. in. ing plier i4s 22s 36s (22s) 14s 22s 36s 
458.20 1273 173 21 3.70 154.5 102.1 54.1 2162 BG BG BG 
excessive 3.75 144.6 93.3 52.4 2031 BG BG BG 


103.00 286 25 22 3.70 145.4 84.7 48.9 1930 BG BG BG 
96.10 267 3.95 151.7 95.4 51.3 2067 D BG BG 


15.10 42 23 3.92 186.5 117.9 63.7 2543 B- Cc Cc 
8.64 24 3.95 177.3 116.0 62.0 2466 B C+ S 


5.40 15 24 4.26 159.6 95.9 49.6 2087 Cc B 
4.68 13 4.25 152.9 94.8 49.8 2050 B+ B B 


3.60 10 25 4.57 159.6 103.0 53.2 2149 C+ 
4.68 13 4.35 164.2 99.4 50.6 2146 B+ C+ 


2.52 7 26 4.69 136.2 95.2 44.0 1905 B B-— 
1.80 5 4.41 152.3 92.0 46.2 1983 B+ C+ 








t Calculated on a different basis than the ACCO index. 








ON BLENDS OF THE Six BALES OF COTTON REPORTED IN TABLE I 











Web appearance Num- 


Neps Trash Hrs. ber 

per per since strength 

100 100 last Twist 5 prod- 

sq. sq.  grind-  multi- Yarn skein strength (Ibs.) uct Yarn appearance grade 


in. in. ing plier 14s 22s 36s (22s) 14s 22s 36s 


282 48 30 3.81 159.9 98.0 54.2 2159 BG BG BG 
141 37 31 3.80 157.3 102.2 56.1 2200 BG BG BG 
84 22 32 3.78 156.7 101.5 49.2 2109 D D- 
83 19 33 3.92 160.0 101.0 53.9 2177 Le D+ 
58 24 34 3.96 162.7 99.0 55.2 2191 Cc- D+ 
49 13 35 3.78 157.3 99,2 54.3 2157 c Cc- 
33 9 36 3.99 160.7 100.8 53.8 2178 C+ D 
28 10. 37 4.08 156.5 99.3 52.7 2134 ies Cc 
19 38 4.06 153.7 99.6 56.8 2173 C+ Cc 
20 39 4.14 175.0 106.0 50.0 2237 B- B-— 
13 40 4.04 169.0 103.0 53.5 2229 B- > 
14 41 4.10 182.5 113.3 61.3 2462 C+ B- 
7 42 4.37 165.9 104.9 54.3 2239 C+ B- 
5 43 4.27 164.4 95.3 $1.1 2123 B B-— 
5 44 4.49 154.9 94.9 49.9 2089 B— B 








PLANTS INCLUDING BOLLIES, AND. BOLLIES (WEST TExas 1951 CrRop)* 








Web appearance Num- 
Neps’ Trash Hrs. ber 
per per since strength 
100 100 last Twist 2 prod- 
sq. sq. grind- multi- Yarn skein strength (Ibs.) uct Yarn appearance grade 


in. in. ing plier 14s 22s 36s (22s) 14s 22s 36s 


24 i4 172 4.39 186.4 111.4 62.4 2479 A- A- B+ 
22 10 176 4.24 185.0 114.1 63.6 2507 B+ B+ B 
39 22 171 4.18 172.5 106.3 59.9 2347 B  & C- 


* Data from picker lap. 





“NEPS PER 100 Sq. In. CARD WEB 


‘ 5.0 
€R FINENESS (MICRONAIRE) 


Fic. 1. Fiber fineness (as measured by the Micro- 
naire) and neps in the card web for 1134 samples. Data 
are taken from U.S.D.A. Cotton Branch reports for the 
1946-51 crops and ACCO samples spun by U.S.D.A. 


laboratories. 


check this relationship by using individual bales and 
blends of bales of cotton of about the same staple 
length and of known fineness. 

Six bales of cotton ranging in fineness from below 
the Micronaire scale to 6.2 were selected. Except 
for the extremely fine bale, below scale, which was 
of B character, the other five were high-grade cot- 
tons. They were about }% in. staple length except 
for the finer ones, which were somewhat longer (see 
Table I). Fiber of very fine cottons is frequently 
broken to some extent in the cleaning and particularly 
in the carding processes. The fine cottons were chosen 
longer, therefore, so that all samples would have 
about the same fiber length in the finished drawing 
sliver. The coarsest bale was the shortest of the six 
when measured on the raw stock. 

Subsamples from each bale were spun in the ACCO 
laboratory and in the Cotton Branch, P.M.A., lab- 
oratory at College Station, Texas. The data on the 
individual bales are given in Table I. Blends using 
various combinations of the different bales were spun 
in the ACCO laboratory ; the data on these are given 
in Table II. 

The neps in the card web increased as the Micro- 
naire readings decreased (Figure 2), showing the 
same general relationship as observed in the U.S.D.A. 
and ACCO data reported in Figure 1. Note the 
excellent agreement between data from the two 
laboratories, 
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@- individual Beles (ACCO 

X- individuel Beles (USDA 

©- Blends of individuel Beles 
(ACCO Spun) 


NEPS PER 100 SQ. IN. OF CARD WEB 


"FINENESS, MIGRONAIRE READING 


Fic. 2. Fiber fineness (as measured by the Micro- 
naire) and neps in the card web. Six cotton samples 
varying from below scale to 6.2 on the Micronaire were 
spun by ACCO and U.S.D.A. laboratories and blends of 
the six bales were spun by ACCO.: 


The card web was progressively more uniform and 
clear of neps as the Micronaire readings increased 
(see Figure 3 and Table I). 

Sample no. 1, which had a Micronaire reading 
below scale, had so many neps and imperfections that 
it was impossible to make an accurate count, whereas 
samples 4, 5, and 6 produced uniform webs with 
few neps. 

In general, the blends showed no more neps perf 
100 sq. in. of card web for a given fineness than 
samples representing the individual bales. The 
blends in which samples 1 and 2, which were very 
fine, were used showed many neps, whereas the 
blends containing the coarser bales showed fewer 
neps. 

In order to learn more about the practical appli- 
cation of these studies, a series of samples of West 
Texas, high-plains cottons, a portion of which was 
killed by frost, were spun. They consisted of: (1) 
mature open-boll cotton; (2) a mixture of open-boll 
and immature thin-walled cotton killed by frost; and 
(3) immature bollies harvested after frost. The 
mixture in 2 represented all the bolls, mature and 
immature cotton, harvested at one time, which is 
common practice when strippers are used in the 
high plains. 

The data (Table III) are similar to the results 
shown in Figures 1 and 2 and Tables I and II. The 
blend of mature open-boll cotton and immature fine 
fiber tended to show relatively fewer neps per 100 





Sample no. 2, 286 neps/100 sq. in. card web. 


Sample no. 3, 42 neps/100 sq. in. card web. Sample no. 4, 15 neps/100 sq. in. card web. 





Sample no. 5, 10 neps/100 sq. in. card web. ; Sample no. 6, 7 neps/100 sq. in. card web, 


> 





O- Individual Bales 
@-Biends of Individucl 
Bales 


YARN APPEARANCE GRADE INDEX (ACCO) 





20 30 40 50 60 
FINENESS, MICRONAIRE READING 
Fic. 4. Fineness (as measured by the Micronaire) 


and yarn appearance grade index, based on three num- 
bers—14s, 22s, and 36s. 


sq. in. of card web than did the mature fiber alone. 
The difference was not significant, however, and 
could be due to experimental error. 

Some of the neps in the card web are worked out 
in the drawing and spinning processes, but additional 
neps and imperfections are often produced in these 
processes. The number of neps in the card web, 
however, is a good indication of the yarn appearance 
grade to be expected, except when grassy cotton or 
immature cotton with seed-coat fragments attached 
are used. These data show that the finer the cotton, 
the lower the yarn appearance grade, and vice versa 
(see Figure 4). Yarn appearance index is based on 
the average of the yarn grades of three numbers as 
follows: A+ = 130; A=125; A— =120;B+= 
115; B=110; B—=105; C+ =100; C=95; 
C—=90;D+=85; D= 80; D — = 75; BG (be- 
low grade) = 70 or less, depending on the roughness 
of the yarn. 


Discussion 


Fiber fineness, expressed as Micronaire reading, is 
an excellent index of the number of neps to be ex- 
pected in the card web and also the yarn appearance 
grade within a given grade and staple of cotton. 
Individual bales of cotton of middling grade or better 
in the range of +4 in. staple which have Micronaire 
readings of 3.5 or higher can be spun into yarns of 
good to excellent yarn appearance grades, the grades 
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increasing with the Micronaire readings. Thin- 
walled, immature cottons giving Micronaire readings 
below 3.0 tend to produce yarns of low appearance 
grade, extending to well below grade if the Micro- 
naire readings are below 2.5. 

Blends of cottons with Micronaire readings of 3.5 
or higher produced high-grade yarns, whereas blends 
including bales with Micronaire readings below 2.5 
produced neppy, low-grade yarns. The dividing line 
between cottons that produce medjum- to high-grade 
yarns and those that produce low-grade yarns is de- 
pendent somewhat on the treatment the cotton is 
given, but is in the neighborhood of 3.0 to 3.5 Micro- 
naire reading for short-staple American upland cot- 
tons. Since processing treatments increase the neps, 
high-grade cotton would be expected to produce 
fewer neps than low-grade cotton of the same length 
and fineness. 

Cottons for certain purposes where neps are a 
problem can be selected on the basis of data of this 
type in addition to grade and staple length. Since 
laboratory spinning data may not be on the same level 
as mill tests, each mill should run a check to deter- 
mine their level of test and the limits of fineness that 
can be tolerated for each general type of product. 

Fine fibers are desirable for strong yarns, and they 
can be spun at lower twist multipliers than coarse 
cottons of a given staple length. Therefore, it may 
be an advantage to choose as fine a cotton as ‘can 
be /used. 

Additional studies are in progress to show the 
relationship of fineness to neps for longer staples 


_and different grades of the same length and fineness. 
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Abstract 


The effect of sizing mixtures on the slubby portions of a staple yarn was determined indirectly 
by the application of the size to a cotton roving and subsequent testing of the roving for strength, 


ultimate elongation, and stiffness. 


In contrast to the methods which employ yarn as the base 


material for the application of the size, large differences between sizing mixtures were found by 


this procedure. 


The evaluation method which was investigated proved useful for the screening of sizes for 
knitting yarns in which the failure to give good knitting quality was caused by the presence of 


slubs. 





Introduction 


In the past, various laboratory methods have been 
utilized to evaluate the sizing mixtures used for tex- 
tile materials. These test methods have been pro- 


posed in an effort to determine the effect of sizing 
on the weaving or knitting efficiency of a yarn with- 
out conducting long and costly mill runs. 


Many ap- 
proaches to the problem have been made. For ex- 
ample, Peterson and Dantzig [14], Furry [4, 5], 
and Schreiber and Stafford [16] applied various 
starches to desized cloth and then tested the strength, 
elongation, stiffness, smoothness, and crushability of 
the resulting fabric. Krais and Biltz [8] made 
somewhat similar experiments, using filter paper in- 
stead of cloth. Farrow [2], Swan [18], Neale [10], 
Peirce [12], Ebbinge [1], Seck and Brem [17], and 
Frankenberg, Sookne, and Harris [3] studied the 
physical properties of free films of the sizing mate- 
rials. Comparative tests of the strength, elongation, 
and abrasion-resistance of sized and unsized yarns 
before and after weaving have been conducted by 


* This is a phase report of an investigation of the adapta- 
tion of cotton yarns for tricot knitting machines. The work 
was done under contract with the U. S. Department of Agri- 
culture and authorized by the Research and Marketing Act. 
The work was supervised by the Southern Regional Research 
Laboratory of the Bureau of Agricultural and Industrial 
Chemistry. 

+ Present address: National Bureau of Standards, Wash- 
ington, D. C. 

t Present address: Fisher Body Division, General Motors 
Corp., Detroit, Mich. 
wa address: Shell Development Co., Emoryville, 

alif. 





Owen [11], Matthew [9], Grimshaw [7], Geier 
[6], and Schreiber, Geib, and Moore [15]. 

In the foregoing work, attempts were made to cor- 
relate the physical properties of a sized yarn or fabric 
or of a film of the size itself with the weaving effi- 
ciency of yarns treated with corresponding sizing 
mixtures. It is not surprising that no strict correla- 
tion was found. The studies of free films could 
scarcely be expected to give absolute correlation since 
the tests were made exclusively on the size, without 
the “reinforcing” action of the yarn or fibers. Like- 
wise, the tests of sized yarns would not be expected 
to give an exact picture of weaving efficiency because 
most of the yarns, even in the unsized state, would 
in all probability have at least the minimum require- 
ments of strength, elongation, etc. As a matter of 
fact, consideration of the results of the foregoing 
work leads to the conclusion that very little is known 
concerning the specific properties which must exist 
in a yarn for good weaving or knitting quality. Cer- 
tainly there must be minimum requirements for 
strength, elongation, flexibility, uniformity, and re- 
sistance to abrasion in order to permit the efficient 
making of a specific fabric on a specific machine. 
There may be other factors which also influence 
weaving or knitting quality, but these are the most 
obvious. Because no gross differences may be ob- 
served between the strength, elongation, or flexi- 
bility of a yarn before and after treatment with dif- 
ferent sizes, and because different weaving or knit- 
ting efficiencies may be observed with yarns sized by 
different mixtures, the average strength, elongation, 
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or flexibility of most yarns must be relatively un- 
important. Thus, there remain the factors of uni- 
formity and abrasion-resistance. 

Granting the above assumptions, it may be stated 
that uniformity and resistance to abrasion play im- 
portant roles in the processing performance of weav- 
ing and knitting yarns. It may be stated further 
that the former is the more important when dealing 
with staple yarns, and that this factor is minimized 
when dealing with continuous-filament yarns. These 
assumptions and tentative conclusions were derived 
from the results of work done in connection with a 
problem on the adaptation of cotton yarns for tricot 
knitting, where it was found that the presence of 
slubs—i.e., soft thick spots of tangled but untwisted 
fibers—accounted for practically all of the end break- 
age during the knitting tests. Thus, in this instance, 
the lack of satisfactory knitting quality could be 
ascribed to a specific cause—namely, localized weak 
spots imparted by the presence of slubs, a special kind 
of nonuniformity. It follows that the improvement 
obtained by the application of a sizing mixture was 
brought about by the strengthening of these weak 
spots alone, and it would appear that the sizing on 
the remaining portions of the yarn was not required. 

Because slubs occur at very infrequent intervals,* 
even in staple yarns of only moderate uniformity, it 
is obvious that tests on sized yarns do not provide 
adequate information concerning the effect of the 
sizing mixture on the weak spots themselves. In 
other words, the chance of including such an imper- 
fection in the test specimen used for each individual 
observation is so remote as to be beyond the realm 
of possibility. 

Having segregated a specific reason for end break- 
age of yarns during knitting (which could presuma- 
bly apply to weaving as well), the desirability for a 
test method to permit the selection of a sizing to over- 
come this single difficulty becomes apparent. The 
problem concerns the evaluation of the effect of the 
sizing treatment on the extremely localized slubby 
portions of a yarn. In the present work, an investi- 
gation was made of an indirect method for this pur- 
pose. Sizing mixtures were applied to a cotton 
roving, a coarse yarn-like material of very low twist, 
which in effect constituted a close approximation of 
a continuous slub. It was believed that tests for 
strength, elongation, and flexibility (or stiffness) on 


* The yarn referred to in this work was a 70’s singles, 29Z, 
of high quality, and had, on the average, one slub every 59,000 
yds. This was sufficient to impart poor knitting efficiency 
on the tricot machine. 
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the treated roving would provide valuable informa- 
tion concerning the properties of slubs in yarns after 
treatment with similar sizing mixtures. Marked 
differences in the properties of rovings treated with 
various sizing mixtures were observed; such wide 
differences were not found by other methods of 
evaluation. 


Materials and Methods 


In general, the method consists of winding roving 
on a stainless steel plate, dipping the wound plate in 
the size solution, passing the plate through squeeze 
rolls, oven-drying, conditioning, and finally testing 
the sized roving for breaking strength, ultimate elon- 
gation, and stiffness. 

The roving used was a 6-hank roving made from 
1}-in. staple cotton. This was wrapped by hand on 
a 14 in. X 6 in. sheet of stainless steel, which was 
notched at either end to accommodate the strands 
(34 notches, 0.12 in. apart). The metal sheet hold- 
ing the roving was then soaked in the sizing solution 
in a photographic developer tray and run through 
the rolls of a Butterworth laboratory padder, using 
35 Ibs. of air pressure on the rolls. The dipping and 
squeezing was repeated twice. Before drying, the 
roving was lifted from contact with the steel sheet 
by inserting stainless steel wires (0.0937 in. diame- 
ter) between the roving and the sheet at each end 
on one side of the sheet. The plates were dried for 
1 hr. at 212°F in a laboratory oven. The roving 
was then removed and conditioned overnight at 70°F 
and 65% relative humidity before testing. 

The sizing compounds and mixtures listed below 
were used,* generally over the range 0.25%-4.0%, 
expressed in terms of concentration of the sizing solu- 
tion. In some cases, the amount of one component 
was held constant while the other was varied. 


Carbowax PF-45 

Carbowax PF-45 + Cellosize WP-10 
Cellosize WP-10 

Cellosize WP-10 + sorbitol 
Cellosize WP-10 + glycerine 
Clinco 15 

Clinco 15 + Nopco 1111 
Clinco 15 + Onyxsan HSB 
Elvanol 72-51 

Elvanol 72-51 + Clinco 15 
Gelatin 

Gelatin + Nopco 1111 


* Some of the compounds listed are not commonly em- 
ployed as textile sizes. 
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Merlon BR 

Merlon SP 

Methocel, 100 c.p.s. 
Methocel, 15 c.p.s. 

Stymer S 

Stymer S + Nopco 1111 
Stymer S + Elvanol 72-51 


The mixtures were made according to the procedures 
recommended by the manufacturers of the various 
compounds, and were applied at a temperature of 
100°F. The roving readily absorbed the mixture, 
and had a wet pickup of 80%-90%. Thus, the 
add-on of size was 0.8-0.9 of the concentration of 
the sizing solution. 

The strength and ultimate elongation (in percent) 
were determined from breaks of 10-in. strands of the 
roving on a Scott IP-2 Tester. The stiffness was 
measured by using the cantilever test developed by 
Peirce [13] for determining the stiffness of fabrics. 
It consists essentially of allowing the yarn to project, 
unsupported, from a horizontal platform and then 
measuring the angle between the horizontal and the 
chord from the edge of the platform to the tip of the 
yarn. The device used for measuring this angle was 
the Monsanto Wrinkle Recovery Tester. The stiff- 
ness was then calculated as bending length from the 
following equation : 


cos 0.5 6 
gi ‘Ean 8 tan 6 ), 
where c = bending length in cm., L = length of over- 
hang (5.6 cm. in this investigation), and 6 = angle 
formed by the chord of the yarn with the horizontal. 


The reported values for all tests were the averages 
for 20 strands of roving. 


Results and Discussion 


The results of the tests on the treated rovings are 
shown in Figures 1-6. 

The value of the “roving” technique in establishing 
the differences between sizing compositions is clearly 
established by the data obtained. For example, the 
dotted line in Figure 1 indicates that the breaking 
strength of the unsized roving was 85 g. The appli- 
cation of a 2% soluiion of starch (Clinco 15) resulted 
in an increase in strength to 570 g. (curve E) ; the 
addition of a similar quantity of Methocel (100 c.p.s.) 
gave a strength of 1440 g. (Figure 2, curve Q). A 
comparison of these data with the data in Table I 
for the breaking strengths of yarns treated with 2% 
solutions of these materials shows no such wide vari- 
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ation. On the other hand, the differences in ultimate 
elongations (Figures 3 and 4) of the rovings treated 
with the above sizing compounds are small. Simi- 
larly, the bending lengths (Figures 5 and 6) are 
about the same. The value of the roving technique 
as compared with the yarn technique for the evalu- 
ation of sizings is further emphasized by the data in 
Figures 7, 8, and 9. With increasing concentrations 
of Stymer S, marked increases in the strength of 
roving were obtained, whereas no appreciable changes 
in strength of yarn were found (Figure 7). Similar 
differences may be observed in the data for ultimate 
elongation, but, as shown in Figure 9, not much sacri- 
fice in the flexibility of the yarn as a whole is made. 
It is interesting to note from Figure 7 that a slub in 
a yarn having almost no strength might be expected 
to be made up to five times stronger than the yarn 
itself by the application of 2% Stymer S. 

Several additional points of interest may be noted 
from comparisons of the strengths of the yarns after 
treatment with different sizing combinations (data 
in Table I1*). For example, the application both 
of Cellosize WP-10 and Carbowax PF-45 resulted 
in a decrease in strength of the yarn of about 7% ; 
this is ascribed to the lubrication afforded by these 
materials. When applied to roving, the former (Fig- 
ure 2, curve T) increased the strength 900%, while 
the latter (Figure 2, curve X) gave virtually no in- 
crease in strength. Thus, from these comparisons it 
may be concluded that treatment with Cellosize 
WP-10 would be effective on slubby yarn, but treat- 
ment with Carbowax PF-45 would not. The effect 
of these sizes on elongation is similar (Figure 4, 
curves T and X). Additional comparisons would 
serve only to emphasize the usefulness of the data 
obtained with the roving. 

The data also show the quantities of sizing com- 
binations necessary to impart approximately the same 
physical properties to samples of roving treated with 
different sizes. For example, a 0.5% solution of 
Methocel (100 c.p.s.) provided as much strength as 
a 2.5% solution of Stymer S (Figure 2, curve Q; 
Figure 1, curve J). A much greater flexibility was 
obtained, however, with the 0.5% solution of Metho- 
cel (Figure 6, curve Q; Figure 5, curve J). 

The effect of the addition of plasticizers or sof- 
teners is also evident in Figures 1-6. As the con- 
centration of additive is increased, while keeping the 


* These yarns were available in the laboratory and were 
not prepared especially for these comparisons. Thus, the 
treatments in somie cases differ slightly from those used on 
the rovings. Adequate comparisons, however, are possible. 
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amount of size constant, decreases in strength and 
in elongation are observed; at the same time, the 
roving is made more flexible—i.e., the bending length 
decreases. The most striking example may be found 
in the instance of Stymer S; the addition of 0.5% 
Nopco 1111 (Figure 1, curve D) gave a roving of 
virtually the same strength as that of the untreated 
roving, while Stymer S alone (curve J) at a concen- 
tration of 2% gave a product with a strength of 
about 500 g. Elongation values followed the same 
pattern. Thus, it may be concluded that Stymer S 
should not be used with Nopco 1111. Such a con- 
clusion is not evident from the data in Table I, but 
was substantiated by a knitting test of the yarn sized 
with the mixture Stymer S and Nopco 1111. End 
breakage was very high, even though the physical 
properties of this yarn were almost identical with 
those of yarn sized with Stymer S alone, which had 
very good knitting quality. 

From a consideration of the above results, it is 
concluded that the proposed method for the evalu- 
ation of sizing mixtures provides a sensitive means 
for determining the comparative reinforcing qualities 
of the materials on slubs, which are defined as soft 
thick spots of tangled but relatively untwisted fibers, 
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in yarns. Indeed, the technique involving the use 





of roving proved useful for the screening of sizings 
for knitting yarns; it is presented here in the hope 
that others may find it useful also. Further studies 
might or might not show a correlation: between the 
physical properties of a treated roving and the proc- 
essing qualities of similarly treated yarns. Such cor- 
relation could be expected, however, only if the end 
breakage during processing were caused by slubs. 
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4 TABLE I. PxysicAL PROPERTIES OF A 70/1 CoTTON YARN AFTER TREATMENT WITH DIFFERENT SIZING MATERIALS 


BB 252.) ECD AENEAN LT AIIIS BOE a 
Single- 
strand 
break 

Treatment (g.) 

Untreated 70/1, 29Z 146.5 

2% Methocel, 15 c.p.s. 151.2 

2% Methocel, 100 c.p.s. 160.4 

2% Clinco 15 + 0.1% Nopco 1111 137.3 

2% Clinco 15 + 1% Nopco 1111 135.8 

5% Clinco 15 + 2% Nopco 1111 146.2 

2% Clinco 15 + 0.5% Onyxsan HSB 140.6 

0.5% Stymer S 133.3 

2% Stymer S 137.9 

5% Stymer S 143.6 

10% Stymer S 161.3 

5% Stymer S + 0.5% Nopco 1111 143.9 

1% Elvanol 72-51 138.2 

0.025% Stymer S + 0.025% Elvanol 72-51 138.8 

1% Stymer S + 1% Elvanol 72-51 145.4 

2% Carbowax PF-45 137.5 

4% Carbowax PF-45 134.8 

1% Cellosize WP-10 135.8 





Stiffness 
(bending 
length) 
(cm.) 
1.82 
2.51 
2.29 
2.08 
2.12 
2.38 
2.36 
2.09 
2.20 
2.23 
3.88 
2.68 
2.03 
1.98 
1.90 
2.10 
2.14 
1.98 


Elongation 
at break 
(%) 
4.85 
4.65 
4.25 
4.70 
4.30 
4.80 
4.43 
4.80 
4.64 
4.07 
4.16 
4.00 
5.07 
4.56 
4.23 
5.70 
5.40 
4.97 


Tenacity 

(g./den.) 
1.90 
1.86 
2.06 
1.72 
1.68 
1.78 
1.75 
1.76 
1.74 
1.77 
1.85 
‘1.76 
1.78 
1.78 
_ 1.85 
1.70 
1.75 
1.75 





Summary and Conclusions 


A method for the evaluation of the effect of sizing 
mixtures on slubby. portions of a staple yarn was 
developed. It consists of the determination of 
breaking strength, ultimate elongation, and stiffness 
of a 6-hank roving after treatment with sizing mix- 
tures. Roving was used as the base material because 
it constituted a close approximation of a “continuous” 
slub. Large differences were found in the reinforc- 
ing abilities of different sizes, and good sensitivity 
to the amount of sizing applied was obtained. No 
such differences were found between the various mix- 
tures when yarn was used as the base for the applica- 
tion of sizing. The technique was found useful for 
the screening of sizings for cotton knitting yarns, 
and it is believed that the method could be applied 
to problems in weaving as well if the primary cause 
of poor processing quality is slubs. 
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Part III: Dyeing Properties, Absorption Spectra, and pH Range’ 
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Abstract 


In an examination of the dyeing properties and lightfastness of some azo dyes, prepared by 


coupling several diazonium salts with m-trimethylsilyl- and m-triphenylsilyl-dimethylaniline, it 
has been observed that most of the dyes have a fairly good substantivity for cellulose acetate, 
nylon, silk, and wool, but their lightfastness varies from moderate to good. 

In a comparative study of the shades obtained from 2-naphthol and its 6-trimethylsilyl and 
6-triphenylsilyl derivatives, by the ingrain process, it has been found that the R,Si substituent 
has an unfavorable effect on both the substantivity and the lightfastness. 

Absorption spectra of some silicon-containing azo dyes have been recorded, and the spectra 
have been compared with those of the corresponding hydrogen and methyl analogues. The gen- 
eral bathochromic shift observed in the spectra of the silicon-containing azo dyes has been 
attributed to the crowding effect of the bulky R,Si group. 

An examination of the pH range of some silicon-containing azo dyes has revealed that the 


R,Si substituent does not have any favorable effect on the pH range of the dyes. 





Introduction 


Since the first synthesis [5] of organosilicon com- 
pounds in 1863, a large number of these compounds 
have been prepared; yet, for many years their chem- 
istry was of purely academic interest. The recent 
practical applications [4, 12], however, of some of 
the organosilicon compounds—e.g., as insulators, 
lubricants, moisture-repellents, etc——havé created a 
wider interest in this field, and fresh efforts are being 
made to find new applications for these compounds. 
It seemed appropriate, therefore, to determine 
whether the organosilicon compounds are of any ad- 
vantage in the synthesis of dyes from the point of 
view of their substantivit® and fastness properties. 

For many years attempts have been made to find 
the relationships between constitution and substantiv- 
ity of dyes in order to facilitate the approach towards 
synthesis of new dyes of desired effect by appropriate 
structural changes based on theoretical predictions. 
Different viewpoints [6, 7, 10] which have been pro- 
posed to interpret these relationships explain, to some 
extent, the practical observations. Our present 
knowledge enables us to make limited predictions of 
the effect of any new substituent in the dye molecule 
on its substantivity and fastness. 


* Part I appeared in The Journal of Organic Chemistry 
15, 1200 (1950) ; Part II is to be published in The Journal 
of Organic Chemistry. 


In order to study the effect of an R,Si substituent, 
we have synthesized several silicon-containing azo 
dyes and have examined their dyeing properties. 
The synthesis and the properties of these dyes have 
been reported [13] elsewhere, and the present paper 
reports their dyeing and lightfastness properties. 

For a preliminary study, the silicon-containing 
azo dyes were synthesized by coupling the selected 
diazonium salts with m-trimethylsilyl- and m- 
triphenylsilyl-dimethylaniline. The silicon  com- 
pounds were prepared by the reaction of appropriate 
chlorosilanes with m-dimethylaminophenyllithium, 
which was obtained by the direct reaction of m- 
bromodimethylaniline with lithium. 


[2Li] emer (RSC) 
—+ (CHi)»N—K) ——> 


et ees 


(CHs)2N 


a Hs)2 


N=N-R’ 


~ " 
SiR; N_ SiR; 
(R=CH; or CsH;; R’ =substituted phenyl) 


The corresponding ortho and para isomers were 
found to be unsatisfactory for the synthesis of the 
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azo dyes. In the reaction of the p-nitrobenzene- 
diazonium salt with p-trimethylsilyl- and p-triphenyl- 
silyl-dimethylaniline, the replacement of the R,Si 
group occurred, and in both cases the azo dye N,N- 
dimethyl-p- (4-nitrophenylazo )-aniline was obtained. 
The ortho-substituted dimethylaniline, however, did 
not couple with the diazonium salt [13]. Obviously, 
for the same reasons, meta derivatives of dimethyl- 
aniline and other tertiary amines have been used 
largely for the preparation of commercial azo dyes 
for cellulose acetate. This provides an opportunity 
for comparing the effect of the R,Si group with 
other substituents in the meta position of the tertiary 
amines. 

Next, in order to examine the effect of the R,Si 
substituent in 2-naphthol, 6-trimethylsilyl- and 6- 
triphenylsilyl-2-naphthol, prepared by the following 
course of reactions, were used to develop shades on 
cotton by the ingrain process, and the dyeings were 
compared with those obtained from 2-naphthol. 


OH 


ef (n—C,HyLi] 
—_—___—_—> 


Br 


OLi 
CRsSiCl] 


ae 


(H*] 


AY 


Li R;Si 


Although commercially 2-naphthol has mostly been 
replaced by the more substantive Naphthol AS and 
similar developers, the dyeings obtained from the 
above compounds gave some conclusive results. 

Next, in order to get an exact idea of the effect of 
structural changes in the dye molecule on color, it was 
believed necessary to examine the absorption spectra 
of some selected dyes. The absorption spectra of the 
dyes were examined in methanol, together with those 
of the corresponding hydrogen and methyl analogues, 
to get a comparative idea of the effect of methyl and 
R,Si groups on the color. 

Since some of the dimethylaniline azo dyes are 
common acid-base indicators, such as methyl yellow 
(p-dimethylaminoazobenzene), methyl orange (so- 
dium salt of p-dimethylaminoazobenzene-p’-sulfonic 
acid), methyl red (p-dimethylaminoazobenzene-o’- 
carboxylic acid), etc., it seemed pertinent to examine 
the pH range of the corresponding silicon-containing 
azo dyes. The determination of the pH range of the 
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dyes was carried out colorimetrically by using stand- 
ard buffer solutions prepared according to the specifi- 
cations of Clark and Lubs [3]. 


Discussion 
Dyeing Properties 


Most of the silicon-containing azo dyes showed a 
fairly good substantivity for cellulose acetate (Es- 
tron), nylon, wool, and silk, but their substantivity 
for viscose and cotton was very poor. A notable 
feature was that many of the dyes examined dyed 
nylon better than cellulose acetate, even though it has 
been observed that, generally, the dispersed azo dyes 
have better substantivity for cellulose acetate than for 
nylon [1, 8].There was a marked difference in both 
the intensity and the hue of the shades on different 
fibers. The same dye giving very bright shades on 
one, fiber gave very dull shades on the other. In 
general, the color of the shades became deeper in the 
following order: cellulose acetate, nylon, silk, and 
wool. For example, a dye giving a yellow shade on 
cellulose acetate gave golden yellow, orange, and red- 
orange shades on nylon, silk, and wool, respectively. 
The lightfastness, however, of most of the dyes was 
not satisfactory and varied from moderate to good 
(5-20 hrs.). Such lightfastness is not quite un- 
expected if we recall that in general the lightfastness 
of the dispersed azo dyes and especially of the di- 
methylaniline derivatives varies from poor to good 
(8-30 hrs.). 

By comparing the dyeing properties of the dyes 
derived from m-trimethylsilyl- and m-triphenylsilyl- 
dimethylaniline, it will be noticed that the triphenyl- 
silyl group has a less favorable effect on both substan- 
tivity and lightfastness. The shades of the triphenyl- 
silyl compounds were readily affected by light and 
were duller than those of their trimethylsilyl ana- 
logues. The mechanism of dyeing of cellulose ace- 
tate is supposed to involve a solution of dye in the 
fiber, forming a solid solution [14]. When acetate 
dyes color nylon, silk, and wool, the same thing hap- 
pens, though probably to a lesser degree. There- 
fore, the lack of substantivity of the dyes containing 
the triphenylsilyl group may be attributed to the 
bulkiness of this group. 

A comparison of the shades of 2-naphthol and its 
trimethyl and triphenylsilyl derivatives indicates that 
the R,Si substituent has a very unsatisfactory effect 
on both the substantivity and lightfastness. The 
shades of the silicon compounds were much duller 
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than those of 2-naphthol, and in certain cases there 
was complete fading of the color after an exposure to 
light for only a few hours. 

At present we are synthesizing dyes from m- 
trimethylsilyl- and  wm-triphenylsilyl-N,N-bis-(B- 
hydroxyethyl)-aniline; and, since N,N-bis-(B- 
hydroxyethyl)-m-toluidine is employed for the 
preparation of commercial dyes [11], we hope to 
obtain more definite data regarding the dyeing prop- 
erties and practical use of these new dyes. 


Absorption Spectra 


By the examination of the absorption specta of 
different dyes, it will be noticed that the general 
shape of the curves is similar. Since the R,Si group 


350 
iw met 
Absorption spectra of the following dyes: Nos. 1, 2, and 3 (Table III). 
N(CHs)2 


Fie. 1. 
N(CHs3)2 
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Si(CHs)s 


<> 
2 


TEXTILE RESEARCH JOURNAL 


in the dye molecule does not enter into the diregt 
path of the main resonance responsible for the color, 
it is not expected that this substituent will have any 
major effects on the absorption. Whatever minor 
changes are observed in the spectra due to substituent 
effects are mainly inductive and steric. Since we 
are concerned here with the comparative change in 
the color of the dyes, we will restrict our discussion 
to the main absorption band in the visible region. 
In general, the R,Si substituent seems to have 
bathochromic and hypsochromic (decrease in inten- 
sity) effects on the absorption band. However, there 
are certain exceptions. For example, the main band 
in the spectra (Figure 1) of the dyes p-dimethyl- 
aminoazobenzene and its trimethylsilyl and triphenyl- 
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N(CHs)2 


Si(CeHs)s 
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silyl analogues indicates a reverse effect. The R,Si 
substituent in this series causes both hypsochromic 
and hyperchromic (increase in intensity) effects; 
furthermore, both of these effects become predomi- 
nant in the triphenylsilyl derivative. In the last se- 
ries (Figure 4), however, the exception is limited to 
the intensities of the bands, and the wave-length shift 
is in general order—+.e., the bands of the silicon- 
containing azo dyes indicate bathochromic shifts, but 
their intensities are greater than those of the bands 
of their hydrogen and methyl analogues. 

The general bathochromic shift in the absorption 
bands of the silicon-containing azo dyes may be at- 
tributed to the bulky R,Si group in the ortho posi- 
tion of the azo linkage in the dye molecule. A\l- 
though the two benzene rings are separated by the 
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azo group in the molecule, there is the possibility of 
crowding of the ortho hydrogen in the one ring and 
the R,Si group in the other ring. Consequently, this 
steric interference would disturb the planarity of the 
dye molecule, at least to some extent. However, the 
natural tendency towards coplanarity due to conju- 
gation is stronger, and the dye molecule will tend to 
assume a coplanar configuration at the expense of 
the resonance energy. As has been explained previ- 
ously [2], such steric interference increases the elec- 
tronic energy of the ground state, with a consequent 
decrease in the energy difference between the first 
excited state and the ground state. As a result, the 
absorption takes place at a shorter frequency. Fur- 
thermore, the disturbance of planarity caused by the 
crowding of the groups would cut down the overlap 
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Ata mA 
Absorption spectra of the following dyes: Nos. 4, 5, and 6 (Table III). 
N(CHs)2 


N(CHs)2 


Si(CsHs)s 
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of the x electronic orbitals, with consequent reduction 
of the intensity of absorption. In the spectra of the 
present series of dyes, although the bathochromic 
shift is as expected, there are more exceptions to the 
desired intensity change. 

It will be noted that in the dyes from anthranilic 
acid (Figure 3), there being more possibility of such 
crowding, both of these shifts are, as expected, more 
pronounced. The spectra of these dyes have addi- 
tional peculiarity. Besides the main band, each of 
the three curves has a distinct inflection of lower 
intensity in the visible region. In these dye mole- 
cules there is a possibility of hydrogen bond forma- 
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‘tion between the hydroxyl group and the adjacent 


nitrogen in the azo group, such as 


SiR; 


vs 
(CHs-N—C__Y—NSN —€ S 
x 


patieg 
No 


The following interpretation can be suggested, 
Among the several resonating structures of the dye 
molecule, those involving nitrogen with a positive 
charge in the azo group and oxygen with a negative 


45° 500 


Fic. 3.. Absorption spectra of the following dyes: Nos. 7, 8, and 9 (Table III). 
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charge in the carboxyl group (a p-quinonoid struc- 
ture) can also be considered to make some contribu- 
tions. In the case of the p-carboxy derivative, the 
conjugation extending between the charged nitrogen 
and oxygen atoms and involving either side of the 
intermediate benzene ring is the same. In the case 
of the o-carboxy analogue, however, the extension 
of the conjugation depends upon the side of the ben- 
zene ring involved. Such a difference in the exten- 
sion of conjugation, in addition to the formation of 
a cyclic structure due to the initial chelation in the 
dye molecule of the o-carboxy derivative, probably 
causes an additional distinct path of electronic oscil- 
lations, and this is manifested by a separate absorp- 
tion band in the visible region of the spectrum [9]. 

Next, the examination of the pH range of some of 


alo 350 


Above mA 
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the azo dyes has revealed that the silicon-containing 
azo dyes as acid-base indicators do not show any 
advantage over the corresponding hydrogen or 
methyl analogues. An ideal indicator should show 
a sharp color change within a short interval near a 
pH of about 7. According to this criterion, it will 
be noticed that the R,Si substituent in no way im- 
proves the indicator properties of the dyes in com- 
mon use. For example, methyl red has a pH range 
of 4.4-6.2, whereas its trimethylsilyl derivative has 
a range of 2.0-4.0, and the corresponding methyl 
derivative has a pH range of 6.0-7.4. Similarly, in 
methyl yellow the range is 2.6-3.8, but the tri- 
methylsilyl derivative shows a change in color in the 
range of 1-2.6, and the triphenylsilyl dye shows no 
color change at all. Furthermore, the solutions of 


400 45° 


Fic. 4. Absorption spectra of the following dyes: Nos. 10, 11, 12, and 13 (Table III). 
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TABLE I. DyEING PROPERTIES AND LIGHTFASTNESS OF SILICON—-CONTAINING Azo DyEs 


Dye 
No. 


15 


16 


17 


18 


Aniline derivatives as 
diazo component 


p-Nitro- 


2,4-Dinitro- 


2-Chloro-4-nitro- 


2,6-Dichloro-4-nitro- 


2-Trifluoromethyl-4-nitro- 


2-Methylsulfonyl-4-nitro- 


2,4-bis-(methylsulfonyl)- 


p-Sulfamyl- 


Sulfanilic acid 


Metanilic acid 


p-Nitro- 


2,4-Dinitro- 


2-Chloro-4-nitro- 


2,6-Dichloro-4-nitro- 


2,4-bis-(methylsulfony])- 


p-Sulfamyl- 


Sulfanilic acid 


Metanilic acid 


Color of 
the dye 
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Color* and tonet of the 1% shades and their exposure (hrs.) to light 


Cellulose 
acetate 
(Estron) 


Nylon 


Coupler: m-Trimethylsilyldimethylaniline 
Salmon Pink Pink 5 


Red-violet 
Blue-violet 
Blue-violet 
Blue-violet 
Blue-violet 
Blue-violet 
Deep red 
Red-brown 
Orange 


Red-brown 


Coupler: 


Brown-red 


Blue-violet 


Blue-violet 


Garnet 


Red-brown 


Scarlet 


Maroon 


Maroon 


m 
15f 
Lavender 
m 
24 
Lavender 
b 
24 
Apricot 
b 
24 
Lavender 
m 
24 
Orchid 
b 
24 
Geranium 
b 
24 
Orange 
m 
15 
Maize 


Ivory 
d 
5 


b 

5 
Lavender 

m 


Orchid 
b 


Champagne 
b 


Lavender 
m 


Orchid 
b 
Weigelia 
b 


Princeton Orange 


10 
Spanish Yellow 
b 

15 
Spanish Yellow 
b 

15 


m-Triphenylstlyldimethylaniline 


Pale Pink 
d 
10 
Pearl Grey 
d 
Pearl Grey 
d 


Pink 2 
m 


Pale Pink 
d 
Tea Rose 
m 
24 
Maize 
d 
24 
Popcorn 
m 


Old Rose 
m 
Silver 
m 
Silver 
m 
Blossom 
m 
Blossom 
m 


Cloral Blush 
b 


Orange 


Orange 
b 


Wool . 


Baby Pink 
d 
Nickel 


m 


Baby Pink 
m 


Topaz 


Baby Pink 
m 


Orchid 
m 
Strawberry 
b 


Orange 


10 
Princeton Orange 

b 

25 
Orange 


25 


Grecian Rose 
d 
25 
Crane 


Crane 


Blossom 
d 
Honeydew 
m 


Golden Poppy 
b 


Princeton Orange 
b 


Silk 


Pink 4 
d 
§ 
Lavender 
m 


Pink 4 


m 


Sunset 
m 


Pink 4 


m 


Orchid 
m 


Strawberry 
b 


Orange 


10 
Golden Yellow 
b 
20 

Orange 


20 


Pale Pink 

d 
Gull 

d 
Gull 

d 


Cream 


Old Rose 
d 

Apricot 
m 


Indian Orange 


Indian Orange 
b 


* The names of the colors of the shades were given after matching the shades, as closely as possible, with those in the 
“Standard Color Card of America,”’ 8th edition, created and issued by The Textile Color Card Association of the United States, 


Inc 


, t Tone of the shades: b = bright; m = medium; d = dull. 


t Exposure time (hrs.) required for fading of the shades, 
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the silicon-containing azo dyes lack the brilliancy 
required for the indicator solutions, and, because of 
their low solubility in aqueous alcohol, these dyes 
precipitate from the buffer solutions. 


Experimental 


The silicon-containing azo dyes were prepared by 
a standard procedure by coupling the diazonium salts 
with the silicon compounds in acetic acid solution. 
The dyes were purified either by crystallization from 
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The substantivity of the dyes for cellulose acetate, 
nylon, wool, and silk was tested by standard dyeing 
procedures. 


Dyeing Procedure (Dispersed Azo Dyes) 


One-tenth gram of the dye to be tested was 
weighed out and placed on a glass plate. One-fourth 
milliliter (about 6 drops) of a 10% solution of lignin 
sulfonate was added. Grinding and dispersion of the 
dye was then accomplished by working the mixture 


appropriate solvents or by chromatographic separa- 
tions. Purified dyes were used for the dyeing tests. 





with a small spatula. 


When a smooth paste was ob- 
tained, 2 ml. of 5% Gardinol solution was added and 


TABLE II. DyErnc PROPERTIES AND LIGHTFASTNESS OF THE Dyes DERIVED 
FROM SILICON—CONTAINING NAPHTHOLS 





Exposure 
to light 
Diazo component (hrs.) 


p-Nitroaniline 12 
(excess coupler) 

2-Nitro-4-chloroaniline 

o-Toluidine 

o-Anisidine 

,b-N itro-o-anisidine 
(excess coupler) 

p-Nitro-o-toluidine 

m-Nitro-o-toluidine 

4-Chloro-2-aminoanisole 

2-Nitrophenetidine 

1-Naphthylamine 


2-Naphthylamine 


Benzidine 


o-Dianisidine 


* See footnote (*) to Table I. 
tb = bright; m = medium; d = dull. 
{1.f. = little fading; c’f. = complete fading. 


Color,* tone,t and effect of lightt on the 1% shades from: 


2-Naphthol 


Geranium 
m 
nil 

Princeton Orange 
m 
nil 

Raspberry 
m 
Lf. 

Scarlet 
m 
Lf. 

Scarlet 
b 


Lf. 
Golden Poppy 

m 

nil 
Salmon Pink 

d 

c.f. 
Golden Poppy 

b 


nil 
Orchid Pink 


m 
ef. 
Ruby 


c.f. 
Castilian Red 
b 


c.f. 
Garnet 

b 

i, 
Violet 


Lf. 


6-Trimethylsilyl- 
2-naphthol 


Fiesta 

d 

Lf. 
Princeton Orange 

d 

Lf. 
Heliotrop 

m 

c.f 
Scarlet 

m 

cf. 
Crab Apple 

m 

Lf. 
Golden Poppy 

d 


Lf 
Honeydew 
d 


c.f. 
Tangerine 
m 
Lf. 
Orchid Pink 
d 
c.f. 
Harvard Crimson 
m 
ef. 
Geranium 
b 
ef, 
Raspberry 
m 


of. 
Purple 


Lf. 


6-Triphenylsilyl- 
2-naphthol 


Fiesta 


ef. 
Crab Apple 
m 
nil 
Golden Poppy 
d 


Tangerine 

d 

Lf. 
Orchid Pink 

d 

c.f. 
Weigelia 

m 

c.f. 
Indian Orange 

m 

cf. 
Heliotrop 

m 

c.f. 
Purple 

m 


Lf. 
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worked into the mixture. The whole was then 
flushed into a dye beaker with a stream of water from 
a wash bottle. The dye having been obtained in the 
form of a good dispersion, enough additional soft 
water was added to bring the volume to 300 ml. The 
beaker was placed on a water bath and brought to a 
temperature of 70°C. It was then ready for the 
cloth. 

The cloth used for the dye tests was a 100% ace- 
tate, dull-luster, knit jersey fabric. A sample weigh- 
ing 10 g. was cut off; to this was stapled a 2-in. 
square of multifiber test cloth consisting of pieces of 


TABLE III. 
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cellulose acetate, nylon, wool, silk, viscose rayon, and 
cotton, and 1 in. by 3 in. pieces of nylon, wool, and 
silk. The cloth was immefsed in the dye bath and 
agitated with a glass rod. Notation was made of the 
rate of dyeing over a period of about 5 min. The 
beaker was then transferred to an 80°C water bath, 
where it was left for 1$ hrs., during which time it 
was frequently agitated. Water was added when- 
ever necessary to bring the level to the starting mark, 
The cloth was then removed, rinsed in warm water, 
squeezed out, and hung up to dry. 





ABSORPTION SPECTRA AND PH RANGE oF Azo DyEs 


Dye 
No. 


1 


Dye 
p-Dimethylaminoazo- 
benzene derivative 


Parent dye 
(Methyl yellow) 


o-Trimethylsilyl- 
o-Triphenylsilyl- 
p’-Sulfo- 

(Methyl orange) 
o-Trimethylsilyl-p’-sulfo- 


o-Triphenylsilyl-p’-sulfo- 


o’-Carboxy- 
(Methyl red) 


o-Methyl-o’-carboxy- 


o-Trimethylsilyl-o’-carboxy- 


p-Carboxy- 
(p-Methyl red) 
o-Methyl-p’-carboxy- 


o’-Trimethylsilyl-p’-carboxy- 


o-Triphenylsilyl-p’-carboxy- 


Absorption band 


Wave 
length 
mp 


418 
255 


416 
278 


409 
255 


421 
269 


430 
282 


432 
265 


492 
413-445 
262 


505 
425-455 
293 


510 
424-465 
278 
420 
272 


435 
286 


432 
282 


431 
274 


Intensity 
eX10~ - 


2.12 
0.87 


2.49 
0.90 


2.83 
1.02 


2.68 
0.95 


2.67 
0.97 


2.10 
0.80 


3.32 
1.8-2.40 
0.86 


3.08 
1.60—2.00 
0.82 


2.64 
1.40-1.80 | 
0.66 


1.38 
0.7 


1.42 
0.94 


2.60 
0.96 


2.34 
0.7 


pH range and color change 


2.6—3.8 
Red Yellow 


1.0—2.6 
Red-orange Yellow 


3.1—4.4 
Red Yellow 


4.2—5.6 
Brown-red Brown-yellow 


3.6—4.6 
Brown-red Yellow 


4.4—6.2 
Red Yellow 


6.0—7.4 
Yellow 


2.0—4.0 
Pink Yellow 


1.0—3.0 
Yellow 


Remarks 


Distinct color 
change 


Distinct color 
change; dye 
separates 


No color change 


Color change is 
not Sharp 


Sharp color 
change 


Sharp color 
change 


Faint color, lacks 
brilliancy 


Dye precipitates; 
no sharp 
change in color 


Dye precipitates; 
no sharp 
change in color 
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Naphthol Dyeings 


Four and a half grams of the naphthol, 33% so- 
dium hydroxide solution (4.25 g.), Turkey-red oil 
(7.5 g.), 6% gum tragacanth (25 g.), and boiling 
water (25 cc.) were mixed and stirred well until a 
homogeneous mixture resulted. To the above mix- 
ture was then added boiling water (100 cc.), and the 
total volume was brought to 300 cc. by adding cold 
water. The final temperature of the mixture was 
about 40°C. This mixture was padded onto cloth 
and developed in the diazo solution. The following 
is a typical example used for the preparation of the 
diazo solution. 

2-Naphthylamine (1.4 g.), cold water (20 cc.), 
and 30% hydrochloric acid (2 cc.) were heated to 
get a clear solution. More of 30% hydrochloric acid 
(2 cc.) was added to the above solution, and it was 
stirred until cold. A 15% solution of sodium nitrite 
(5.5 cc.) was added to the solution of the amine salt, 
and after 15 min. it was filtered and diluted to 100 
cc. The excess of mineral acid was neutralized by 
adding sodium acetate. The padded cloth was im- 
mersed in the diazo solution and kept for 1 hr. at 
room temperature. The dyed cloth was then taken 
out, rinsed, soaped as usual, and dried. 


Lightfastness 


The lightfastness was determined on a standard 
fadeometer; 1 hr. exposure on the fadeometer was 
supposed to equal 1 hr. exposure to the summer sun 
at high noon. 

Details of the dyeing properties and lightfastness 
are given in Tables I and II. 


Absorption Spectra of the Dyes 


Solutions of the pure dyes in freshly distilled 
methanol were used for the absorption spectra. In 
order to get an optical density of 0-3, in each case a 
solution of 5 x 10°°M concentration and path length 
of 1.0 cm. had to be used. A Cary recording quartz 
spectrophotometer was used to record the spectra of 
the dyes. The spectra are reported in Figures 1-4, 
and the wave length (max.) and the intensity (max.) 
of each of the bands in the spectra are given in 
Table III. 


pH Range Determination 


The indicator solution of each of the dyes was pre- 
pared by dissolving 10 mg. of the dye in 10 ml. of 
ethanol. Two-tenths milliliter of such a solution 
was added to 10-ml. portions of buffer solutions 
having pH values ranging from 1 to 10, kept in dif- 
ferent test tubes with a pH difference of 0.2 between 
successive tubes. By carefully observing the color 
change in each tube, the pH interval of the dye was 
determined. The buffer solutions required for the 
test were prepared by using standard solutions as 
given by Clark and Lubs [3]. The color change 


and the pH interval are given in Table III. 
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Action of Cyanuric Chloride on Cotton Cellulose‘ 


Jane Warren, J. David Reid, and Carl Hamalainen 


Southern Regional Research Laboratory,+ New Orleans, Louisiana 


Introduction 


The reactions of cyanuric chloride (2,4,6-trichloro- 
1,3,5-triazine) with alkali-impregnated cotton cellu- 


CCl 
N/ }N 


CIC\. ACCI 
N 


lose [7, 9, 10, 11, 15, 21, 23] and with some cellu- 
lose derivatives [12, 16, 22, 26] to impart changed 
dyeing characteristics to the fiber have been de- 
scribed in a number of patents based on the work of 
Haller and Heckendorn. The cellulose derivatives 
obtained are described as being insoluble in the usual 
solvents for cellulose esters and ethers [15] and as 
being stable during prolonged storage and stable to 
dilute alkalies, to hot dye baths, to boiling sodium 
carbonate solutions, and to mercerization [25]. 
Halogen present in the derivative was reacted with 
amines to confer the property of taking up wool 
dyes, or with aromatic diamines to make possible the 
chemical attachment of a dye through diazotization 
and coupling [8, 14, 24]. 

But Haller and Heckendorn offered few ana- 
lytical data on the products of the reaction, and no 
information on the effect of change of conditions of 
treatment on the amount of chlorotriazine which may 
be introduced. Their only discussion was of the 
topochemical nature of the reaction under some con- 
ditions as demonstrated by the fact that the surface 
layers of the products dissolve slowly, or not at all, 
in cupriethylenediamine hydroxide and in sulfuric 
acid, while the inner portions of the cellulose dis- 
solve in these reagents [13, 17]. 

The substitution of chlorine atoms in cyanuric chlo- 
ride has been reported to be stepwise in most of its 
reactions, as, for example, in hydrolysis [2], reaction 
with amines [5, 6], or reaction with phenols [20]. 

* Report of a study made under the Research and Mar- 
keting Act of 1946. 

+ One of the laboratories of the Bureau of Agricultural 


and Industrial Chemistry, Agricultural Research Adminis- 
tration, U. S. Department of Agriculture. 


If only one chlorine on the triazine ring is replaced 
with cellulose, theoretically two chlorines are left for 
further reaction, although some may be lost in a 
side reaction with the base. 

The introduction into cellulose of a reactive group 
such as the chlorotriazine nucleus, through which 
other reagents known to confer useful properties to 
cotton might be introduced, was considered of in- 
terest to this Laboratory, which is concerned with 
the chemical modification of cotton with retention 
of the fibrous form. The conditions of the reaction 
were therefore studied, and analyses for nitrogen and 
chlorine were made in order to determine the effect 
of changing these conditions on the extent of intro- 
duction of triazine groups and on the retention of 
chlorine after attachment of the nucleus to cellulose. 
It was not attempted to determine whether cellulose 
is attached through one or more than one chlorine 
on the triazine ring, or whether the triazine substitu- 
ent is dichlorotriazine, chlorohydroxytriazine, or 
dihydroxytriazine. It is probable that in any given 
product there is a mixture of the above substituents. 

The study showed that under the conditions inves- 
tigated, a rather large excess of cyanuric chloride 
was necessary to introduce as much as one triazine 
nucleus per two glucose residues. Although the 
amount of chlorine retained was less than the the- 
oretical amount calculated if one chlorine atom re- 
mained for each triazine ring introduced, the residual 
chlorine could be reacted with amines. This re- 
activity was not investigated further, since the scope 
of the study was limited to an examination of re- 
action conditions.. Some limited results obtained in 
general studies of the chemical and tensile properties 
of the derivatives are included. 


Formation of the Cellulose Derivatives 
General 


The cellulose derivatives of cyanuric chloride were 
prepared basically as described by Haller and Heck- 
endorn [15]. The method involves pretreatment 
of cellulose with alkali, centrifuging off excess alkali, 
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and treatment with cyanuric chloride in an organic 
solvent. 

Studies were made of variations in the degree of 
substitution and in the retention of chlorine for fur- 
ther reaction with variations in the following: type 
of alkaline pretreatment; type of organic solvent ; 
amount of cyanuric chloride in proportion to weight 
of cellulose; concentration of the reaction mixture; 
temperature of the reaction mixture; and length of 
time of the reaction. 


Materials 


Cyanuric chloride of a commercial grade, stated to 
be “97% minimum,” was used. Since cyanuric chlo- 
ride will hydrolyze with atmospheric moisture to 
yield hydrochloric acid and various hydroxytriazines, 
it was exposed to the atmosphere as little as possible 
in making up the solutions used in treating the cellu- 
lose. Solutions were filtered before use. 

Commercially purified, low-viscosity type cotton 
linters and a mercerized, 2-ply (7/2) cotton yarn 
provided the cellulosic materials. 


Pretreatment 


Samples were soaked for 20 min. in either aqueous 
alkali, alcoholic alkali, or aqueous-alcoholic alkali; 
then they were centrifuged to remove excess solution. 


Treatment 


The following method of treatment, except where 
a specific variation was being made to study a particu- 


lar effect, was routine. Four grams of linters or 
11-12 g. of yarn, wet with alkali, were treated with 
an equal weight of cyanuric chloride in 200 ml. of 
xylene. The mixture was vigorously and continu- 
ously agitated in a stoppered container ‘for 1 hr. 
The treated materials were rinsed successively with 
xylene and acetone, washed for 3 hrs. with running 
water (at 24°-28°C), and extracted in a Soxhlet 
extractor for 24 hrs. with acetone and for 2} hrs. 
with ethanol. The extracted samples were air-dried. 

That the washing in water at 24°-28°C was not 
detrimental to chlorine retention was demonstrated 
in experiments in which -identically treated yarns 
gave the following results after washing at different 
temperatures: 4 hrs. in water at 10°C, 4.39% nitro- 
gen and 1.87% chlorine ; 4 hrs. in water at 24°-28°C, 
3.94% nitrogen and 1.74% chlorine. However, loss 
of chlorine was considerable when the yarn was 
washed for 4 hrs. in frequent changes of boiling wa- 
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ter; the yarn then contained 3.78% nitrogen and 
0.57% chlorine. 


Analyses and Tests 


The effect of each of the variations in the condi- 
tions of treatment was gaged by the nitrogen and 
chlorine contents of the derivatives. 

Nitrogen was determined on air-dry samples by 
the Cole and Parks modification of a semimicro Kjel- 
dahl method [3]. The reported values have been 
corrected for moisture content to represent nitrogen 
on a dry basis. 

Chlorine was determined on a dry basis by a Parr 
bomb method. Heating samples at 101°C over- 
night apparently did not alter the halogen content. 
There was good agreement between chlorine values 
determined for the same sample on a dry basis and 
on an air-dry basis with correction ‘for moisture 
content. 

Moisture content data were determined on air- 
equilibrated samples by heating at 105°C for 5 hrs. 

Yarn breaking strength was determined by the 
standard A.S.T.M. method [1] on the Suter Yarn 
Tester.* 


Results and Discussion 


Tables I-VII give data showing the effects of 
varying the conditions of treatment on the degree of 
substitution and on the amount of chlorine retained. 
Tables II, IV, VI, and VII include data on the 
breaking strength of treated yarns. 


Substitution and Retention of Chlorine 


Effect of type of pretreatment.—Cyanuric chloride 
reacts with alcohols in the presence of inorganic or 
organic bases [2] to form alkyl cyanurates. In this 
study sodium hydroxide was used as the base except 
in the two cases where alcoholic potassium hydroxide 
was used for comparison. Use of pyridine to pro- 
vide the base for the reaction as well as preswelling 
for the cellulose was considered, but proved to be 
not practical because of its reaction with cyanuric 
chloride [19]. 

Table I shows that the quantity of triazine intro- 
duced was directly related to the concentration of 
sodium hydroxide in the aqueous pretreating solution. 
The greatest reactivity occurred in the range of alkali 
concentration where the swelling of the fiber had 


* The mention of trade products does not imply their en- 
dorsement by the Department of Agriculture over similar 
products not mentioned. 





TABLE I. EFrect oF CONCENTRATION OF AQUECUS SoDIUM HYDROXIDE PRETREATING SOLUTION* 


Substitution 
based on 
nitrogen content 
(glucose residues 
per triazine ring){t 


Wet 
Sodium alkali 
hydroxide pickupf Nitrogen 
(%) (%) (%) 


50 0.26 99 


85 1.30 19.1 


95 1.56 
273 7.63 
230 7.85 
248 8.15 
200 9.00 
265 7.18 
313 5.56 
293 2.85 
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Substitutoin 
based on 
chlorine content 
Chlorine (glucose residues Moisture 
(%) per chlorine atom){ (%) 


0.13 168 6.10 
0.78 27.3 7.02 
1.18 17.8 7.69 
5.15 3.4 14,47 
5.15 3.4 14.64 
3.00 6.5 14.73 
4.37 4.2 15.62 
1.61 12.8 14.63 
0.22 99 12.80 
0.00 — 11.54 


* Conditions: 4 g. cotton linters; 4 g. cyanuric chloride; 200 ml. xylene; 1 hr.; 28°C. 
ft The term ‘‘wet alkali pickup”’ in the tables designates the percent increase in weight after pretreatment. 


t Calculations assume C;N;CIOH—(anhydroglucose),; molecular weight of substituent group, 130.5. 


Calculated degree 


of substitution is given in this table only, and may be referred to in approximating the substitution indicated by the nitrogen 


and chlorine contents of samples in succeeding tables. 


reached a maximum and the internal structure of the 
cellulose had been greatly changed. The large in- 
crease in wet alkali pickup and in percent nitrogen 
when the concentration of the pretreating solution 
reached 13% corresponds roughly to the inflection 
in Vieweg’s curve [27], representing the takeup by 
cellulose of sodium hydroxide from aqueous solutions 
of varying concentrations. The quantity of triazine 
introduced increased, but by small amounts, from 
this point to 21% concentration, where conditions 
most suitable for reaction are probably reached 
quickly. Additional alkali only favored the competi- 
tive destructive action of the alkali on the cyanuric 
chloride. Since the most reactive halogens are de- 
stroyed first, the reactivity of cyanuric chloride with 
cellulose can be drastically reduced with the loss of 
only one chlorine atom to the competing base. 
Chlorine was completely replaced in the presence 





TABLE II. 


Wet 

alkali 

pickup 
Type of alkali pretreatment (%) 
14% aqueous NaOH 230 
15% aqueous NaOH 212 
15% aqueous-alcoholic NaOHt 238 
15% aqueous-alcoholic NaOHt 150 
10% alcoholic KOH 33 
10% alcoholic KOH 38 
10% aqueous NaOH 95 


Material 


Linters 
Yarn 
Linters 
Yarn 
Linters 
Yarn 
Linters 


of the strongest alkali, 46%, and to a considerable 
extent even at 24%. While the highest chlorine 
content was reached at the inflection point for alkali 
absorption and triazine introduction, the entire range 
of 13%-20% of alkali should be satisfactory for dras- 
tic modification of the cellulose fiber. The lower 
range may have application where only limited or 
surface reaction is desired. 

A comparison of three types of alkali pretreatment 
is given in Table II. Previous investigators indi- 
cated that although aqueous or aqueous-alcoholic 
alkali pretreatments are suitable, alcoholic alkali is 
preferable in giving products having little gain in 
weight but strong immunity to direct cotton dye [15, 
21,23]. Inthe present study, the addition of alcohol 
to the aqueous sodium hydroxide pretreating solution 
did not greatly alter the extent of introduction of the 
triazine nucleus, but did favor the loss of chlorine. 


EFFECT OF DIFFERENT TYPES OF ALKALI PRETREATING SOLUTIONS* 


Strength loss 
from original 
material 


€%) 


Moisture 
(%) 


14.64 
14.69 
14.96 
14.81 
8.38 
8.61 
7.69 


Nitrogen Chlorine 
(%) (%) 


7.85 5.15 
7.50 4.94 
7.51 2.63 
7.65 3.42 
2.20 1.27 
1.12 0.58 
1.56 1.18 


* Conditions: 4 g. linters or 12 g. yarn, with equal weight of cyanuric chloride; 200 ml. xylene; 1 hr.; 26°-35°C. 
¢ 400 g. of 38% aqueous sodium hydroxide; 400 g. of 95% ethanol; 200 g. of water. 


t Mercerized, 2-ply yarn (7/2), 8.95 lbs. breaking strength. 
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15% aqueous-alcoholic sodium hydroxidet 


Nitrogen Chlorine 
(%) (%) 


0.16 0.04 
7.13 2.52 
1.04 0.07 
6.51 1.37 
5.78 0.09 
7.64 3.00 


Solvent used 


Acetone 

Benzene 

Dioxane 

Xylene 

Xylene-acetone (50-50) 
Xylene-dioxane (50-50) 





Hy TABLE III. Errect or Tyre or SOLVENT* 


Alkali pretreatment 





21% aqueous sodium hydroxidet 
Nitrogen Chlorine Moisture 


(%) (%) (%) 


0.97 0.04 9.18 
9.09 4.14 15.18 
4,27 1.27 12.46 
8.70 4.05 15.62 
8.52 3.41 15.38 
8.87 4.19 15.57 


Moisture 
(%) 
8.40 
14.89 

9.89 
14.45 
14.47 
14.95 





* Conditions: 4 g. linters; 4 g. cyanuric chloride; 200 ml. solvent; 1 hr.; 28°C. ve 
+ 400 g. of 38% aqueous sodium hydroxide solution; 400 g. of 95% ethanol; 200 g. of water. 


t Wet alkali pickup, 254%. 


It is possible that distributional effects, not investi- 
gated here, may have occurred. It is reported, for 
example, that the presence of alcohol in alcohol- 
water-sodium hydroxide solution tends to reduce the 
swelling of the cellulose and to increase the alkali 
absorption [18, 28]. However, the high degree of 
substitution encountered here, which was almost as 
high as the maximum reached with aqueous sodium 
hydroxide, seems to indicate deep penetration. Cot- 
ton pretreated with 10% alcoholic potassium hydrox- 
ide was substituted to almost the same extent as was 
achieved when pretreatment was with 10% aqueous 
sodium hydroxide. 

Effect of solvent medium.—Table III shows the 
effect of several solvents after two types of pretreat- 
ment. Haller and Heckendorn have used xylene, 
toluene, tetrachloroethane, and similar solvents as 
reaction media [15]. In preliminary experiments in 
the present study, good results were obtained using 





Wet alkali pickup, 208%. 


benzene, toluene, xylene, and chloroform. Acetone 
and dioxane, however, distinctly lowered the degree 
of reactivity obtainable. Although acetone and di- 
oxane are poor reaction media when used alone, their 
addition to xylene in the proportion examined did 
not greatly alter the degree of reaction resulting 
when xylene alone was used. Their deleterious ef- 
fect may be due to a washing of alkali from the cellu- 
lose, thus possibly changing the reactivity and also 
freeing more sodium hydroxide for attack on the 
reagent. 

Effect of concentration of reagent and solvent.— 
In the experiments discussed so far, the quantity of 
cyanuric chloride was in all cases 100% on the weight 
of cellulose, but the concentration in xylene varied, 
being 2 g. per 100 ml. in the case of linters and 6 g. 
per 100 ml. in the case of yarn. The effect of vary- 
ing the range of concentration of cyanuric chloride 
from 10%-200% on the weight of cellulose is given 





TABLE IV. Errect or CONCENTRATION OF CYANURIC CHLORIDE* 








Concentration 
of cyanuric 
chloride 


Concentration 
of cyanuric 
chloride (% 
on weight of (g. per 100 

Material cellulose) ml. of xylene) 


Linters 10 0.2 
Yarn 10 0.6 
Linters 30 0.6 
Yarn E 30 1.7 
Linters 50 1.0 
Yarn 50 2.8 
Linters 100 2.0 
Yarn 100 5.6 
Linters 200 4.0 
Yarn 200 11.2 


(%) 


1.16 
1.18 
3.05 
3.46 
4.87 
5.61 
7.81 
8.12 
9.41 
7.83 


Nitrogen 


Strength 
loss from 
control 
materialf 


(%) 


Strength 
loss from 
original 
materialf 


(%) 


Chlorine 
(%) 


0.00 
0.02 
0.37 
0.49 
0.57 
1.32 
2.60 
3.83 
5.19 
4.76 


Moisture 
(%) 


10.67 

9.39 | 20 
12.26 
11.24 12 26 
13.82 
14.15 22 35 
15.67 
14.39 26 38 
16.80 
14.86 22 34 


* Conditions: 4 g. linters or 11.2 g. yarn, pretreated with 21% aqueous sodium hydroxide (wet alkali pickup: linters, 258%; 
yarn, 325%); 200 ml. xylene; 1 hr.; 28°-33°C. 

T Mercerized, 2-ply yarn (7/2), 8.95 Ibs. breaking strength. 

t Mercerized yarn (f) control, treated in same manner as test samples, except without cyanuric chloride; 1 hr. 
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in Table IV. In the iower range, substitution was 
roughly proportional to concentration of reagent 
based on cellulose, and increased with concentration 
throughout the range studied. 

Table V, however, shows that the concentration of 
reactants in the medium also had an influence, but of 
less magnitude. It appears that the best practice 
would be to keep the volume of solvent at the lowest 
level of concentration consistent with thorough 
mixing. 

Effect of temperature and time.—It was observed 
that noticeable heat was sometimes generated during 
the reaction. Rises measured varied from 1° or 2°C 
with linters to 10°C with yarns, the difference prob- 
ably affect the extent of substitution. The high sub- 
shows that these small variations should not appreci- 
ably affect the extent of substitution. The high sub- 
stitution obtained at room temperature was not 
greatly increased over the range to 80°C. Lowering 


TABLE VI. 
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the temperature to 3°-10°C caused only a moderate 
decrease in substitution. Chlorine content was di- 
minished only above 50°C. 

Reaction time was arbitrarily set at 1 hr. for com- 
parative purposes. However, appreciable reaction 
occurred within 15 min., and high substitution was 
achieved within 30-40 min. (see Table VIT). 





TABLE V. ErFFect oF CONCENTRATION 
OF REACTION MIXTURE* 


Cyanuric 
Sample chloride 
weight weight Xylene Nitrogen Chlorine Moisture 


(g-) (g.) (ml.) (%) (%) (%) 


4 4 200 6.82 2.22 14.50 
8 200 8.13 3.15 15.08 
16 16 200 8.87 3.41 15.97 . 





* Conditions: yarn pretreated with 21% aqueous sodium 
hydroxide (wet alkali pickup, 185%—-205%); 1 hr.; 30°-33° C. 





EFFECT OF TEMPERATURE* 





Strength loss 
from original 


Strength loss 


from control 


Temperature Nitrogen Chlorine Moisture materialt material 
Material (°C) (%) (%) (%) (%) (%) 


Linters 3-8 5.17 1.44 13.19 
Yarn 5-10 7.40 4.55 14.65 0.5 17 
Linters 26-28 8.36 3.40 15.57 
Yarn 24-28 8.38 4.28 15.38 24 36 
Linters 45-50. 8.36 3.37 15.57 
Yarn 45-50 8.22 3.56 14.89 22 35 
Linters 77-80 8.77 1.49 15.24 


* Conditions: 4 g. linters or 12 g. yarn, pretreated with 21% aqueous sodium hydroxide (wet alkali pickup: linters, 270%- 
284%; yarn, 192%-204%); 200 ml. xylene; agitated with mechanical stirrer; 1 hr. 

t Mercerized, 2-ply yarn (7/2), 8.95 lbs. breaking strength. 

t Mercerized yarn (f) control, treated in same manner as test samples, except without cyanuric chloride; 28°C. 


TABLE VII. Errect oF TimMe* 
Strength loss 
from original from control 
Nitrogen Chlorine Moisture materialt material} 


Material (%) (%) (%) (%) (%) 


Linters 3.22 2.00 11.98 
Yarn 7.70 3.82 15.36 12 26 
Linters 5.97 1.76 14.42 
Yarn 8.12 3.81 14.86 23 35 
Linters 7.59 2.48 15.64 
Yarn 8.18 3.68 15.42 16 30 
Yarn 8.34 3.73 15.20 25 37 
Linters 120 8.36 2.95 15.29 
Yarn 120 8.62 3.97 15.58 21 34 


* Conditions: 4 g. linters or 12 g. yarn, pretreated with 21% aqueous sodium hydroxide (wet alkali pickup: linters, 258%; 
yarn, 210%-245%); equal weight of cyanuric chloride; 200 ml. xylene; 28°-37°C. 

t Mercerized, 2-ply yarn (7/2), 8.95 Ibs. breaking strength. 

t Mercerized, 2-ply yarn(f) control, treated in same manner as test samples, except without cyanuric chloride; 1 hr. 


Strength loss 
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Properties of Treated Yarns 


Breaking strength—Strength losses by yarn 
treated under the different conditions were mainly 
negligible and never exceeded 26% of the strength 
of the original material (see Tables II, IV, VI, and 
VII). This highest loss is not considered excessive 
because in some cases the cellulose was modified to 
the extent of one triazine ring per 2.2 anhydroglucose 
units, and because the yarn was treated in loose form. 
In general, the low-substituted products showed the 
best strength retention. 

Samples tested after storage for 34 months in- 
creased slightly in breaking strength. Typical break- 
ing strengths of samples after storage were 8.09 Ibs. 
and 7.68 lbs. for yarns breaking at 7.61 Ibs. and 7.06 
lbs. when tested shortly after treatment. 

Dyeing properties.—As previously noted, the alter- 
ing of the dyeing characteristics of cotton by treat- 
ment with cyanuric chloride has been reported in the 
patent literature [7, 9, 10, 11, 15, 21, 23]. It was 
observed also in this study that selected modified 
products showed varying degrees of immunization 
toward a direct cotton dye (Solantine Blue 4 GL *) 
and a vat dye (Ponsol Jade Green D*), and that 
they showed varying degrees of affinity for a basic 
dye (Methylene Blue) and an acetate dye (Celliton 
Fast Yellow RRA *). 

In general, the degree of immunization was found 
to be proportional to triazine substitution if samples 
had been pretreated in the same concentration of 
aqueous alkali ; the degree was not proportional under 
all conditions of pretreatment. A sample with low 
substitution, pretreated with 10% alcoholic potassium 
hydroxide, was strongly immunized to the cotton 
dye, whereas a sample of the same degree of substi- 
tution but pretreated in 21% aqueous sodium hydrox- 
ide showed only slight immunization. Affinity of 
treated yarn for the basic dye and the acetate dye was, 
however, in general proportional to the degree of 
substitution, regardless of type of pretreatment. 

Resistance to microbiological attack.—Resistance 
of treated yarn to microbiological attack was deter- 
mined by means of a soil burial test similar to that 
described by Dean, Strickland, and Berard [4]. 
Ten-inch lengths of yarn were stapled at either end 
to 6-in. pieces of cypress wood and were buried in 
the manner described for cloth samples in the original 


*The mention of trade products does not imply their en- 
dorsement by the Department of Agriculture over similar 
products not mentioned. 
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test. Samples consisting of 10 lengths were removed 
at intervals of 1 to2 weeks. Breaking strengths were 
determined on the Suter Yarn Tester [1] with the 
distance between clamps at 3 in. 

Although a yarn which had been reacted with 
cyanuric chloride to the extent of 1 triazine group in 
2.7 anhydroglucose units retained 100% of its 
strength after 14 days, when the control yarn lost 
100% strength, it lost 65% of its strength after 49 
days and 100% in 63 days. These results are not 
striking enough to suggest commercial possibilities. 


Availability of Chlorine for Further Reaction 


It is seen from the data in Tables I-VII that many 
of the products prepared in this study contained chlo- 
rine in amounts corresponding to slightly less than 
one chlorine atom per triazine ring. The stability 
of this chlorine during storage was demonstrated by 
the agreement of analyses of treated yarns at the 
beginning and at the end of a 24-month period. 
Furthermore, no change in chlorine content occurred 
upon heating at 101°C overnight. Nevertheless, the 
reactivity was sufficient to enable further reaction 
with amines. 

This capability for further reactivity was demon- 
strated as follows: 2 g. of cyanuric chloride-treated 
cotton yarn containing 7.50% nitrogen and 4.94% 
chlorine was reacted at room temperature in a 0.2% 
aqueous solution of ethylenediamine for 22 hrs. and 
was air-dried after thorough washing in water and 
in alcohol. The product, containing 9.02% nitrogen, 
showed the same marked resistance to Solantine Blue 
4 GL and to Ponsol Jade Green D observed for the 
parent derivative before amine treatment, but dyed a 
deep shade with Kiton Fast Red 3 GLL, an acid 
wool dye to which the parent derivative was resistant. 

A similar reaction of a treated yarn containing 
5.00% nitrogen and only 0.53% chlorine with hexa- 
methylenediamine resulted in a product containing 
6.12% nitrogen. 


Summary 


The reaction of cyanuric chloride with alkali- 
treated cotton cellulose has been examined to deter- 
mine the effect of reaction conditions on degree of 
substitution and on retention of chlorine for further 
modification. Type of alkali pretreatment and choice 
of organic solvent were found to influence the 
reaction. 

The highest substitution obtained was 1 triazine 
ring per 1.9 anhydroglucose residues, based on nitro- 
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gen content. Although the highest chlorine content 
was 1 chlorine atom per 3.4 anhydroglucose resi- 
dues, this residual chlorine was stable to heating at 
101°C and to several months of storage, and was 
capable of reacting with ethylenediamine and 
hexamethylenediamine. 

Strength loss during treatment was low and in no 
case exceeded 26% of the original. A change in 
dyeing properties was found to be related to degree 
of triazine substitution in some cases and to type of 
pretreatment in others. The treated yarn had some 
resistance to microbiological attack. 
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Introduction 


The two basic methods for rendering wool non- 
felting—by modifying the surface structure or by 
changing the elastic properties of the fibers—have 
been reviewed extensively [21]. Detailed studies 
have been made of many oxidizing agents which de- 
grade the fiber surface and effectively render wool 
nonfelting. These include chlorine [6, 22], fluorine 
[15], permanganate [4], and chloroamines [1, 2]. 
The use of hydrogen peroxide as an antifelting agent 
has also been studied [3, 24], and it has been shown 
that, apart from its catalysis by heavy metal salts [9], 
it produces unshrinkability only when the wool has 
been severely degraded. 

The oxidation potential of sodium chlorite at room 
temperature in 0.007M solution against the standard 
hydrogen electrode is 0.79 volt at pH 4 [23]. Since 
this value is below that of hypochlorite and above 
that of hydrogen peroxide, it seemed of interest to 
determine if sodium chlorite is an effective antifelting 
agent like chlorine or if it behaves similarly to hydro- 
gen peroxide. Sodium chlorite is used extensively 
for bleaching cellulosic materials such as paper pulp 
and textiles. For bleaching purposes it seems very 
probable that the active agent is chlorine dioxide 
because the reaction takes place only in acid solutions : 


4HClO, — 2ClO, + HClO, + HCl + H,O; 


or when a more alkaline soiution is activated by 
hypochlorite : 


2HCIO, + HOCI—> 2C10, + HCl + H,O. 


It must be emphasized that the decomposition of 
sodium chlorite solutions is extremely complex, de- 
pending on the pH, concentration, and temperature 
of the solution. Under some conditions chlorate and 
chloride can be produced almost exclusively : 


3NaClO, — 2NaClO, + NaCl. 


The use of sodium chlorite as an effective anti- 
felting agent has been described only in strongly acid 





* Present address: Textile Department, The Technical 
College, Bradford, England. 





The Treatment of Wool with Sodium Chlorite 


Christopher Earland* and Kenneth G. Johnson 
Research Department, Wolsey Limited, Leicester, England 








solutions [17]. Although there are references to its 
use for this purpose in very concentrated solutions of 
alkalies [7, 8], these solutions in themselves are ex- 
cellent antifelting agents and the chlorite can only 
play a very minor role. Other workers [19] have 
described the use of sodium chlorite in a very dilute 
solution of pH 6, but the resistance to felting they 
obtained was very slight. Chlorine dioxide, which 
may be regarded as the mixed anhydride of chlorous 
and chloric acids, renders wool nonfelting when ap- 
plied from a nonswelling solvent [18]. 

It also seemed worth while to investigate the acti- 
vation of chlorite solutions from the antishrink point 
of view. Activators vary from reactive substances, 
such as formaldehyde [13], which it seems likely 
play a definite part in the reaction, to inert sub- 
stances, such as carbon [20], which probably exhibit 
true heterogeneous catalysis. Although activators 
have been used for bleaching [10] and for preparing 
chlorine dioxide from chlorites [25], no study has 
been made of their role in the antifelting reaction 
with wool. 


Experimental 
Materials 


The wool used was a twofold 18s yarn of 56/58s 
quality knitted into fabric, using 12 needles and 18 
courses per inch, and cut into 5-in. single squares 
weighing approximately 5 g. Before use all samples 
were scoured in a warm dilute solution of soap and 
ammonia, and were then washed thoroughly in water. 

The sodium chlorite used was an I.C.I. product 
containing approximately 90% NaClO,, the re- 
mainder being chiefly sodium sulfate and sodium 
chloride. Where possible, all inorganic and organic 
chemicals used were of “Analar” or B.P. specifica- 
tion. Formaldehyde was used in the form of a 
40% (wt./wt.) aqueous solution. 

Chlorine dioxide was prepared by warming a mix- 
ture of potassium chlorate, oxalic acid, and water at 
60°C. 
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Wool Treatments 


The fabric was wetted-out in 1% aqueous Dis- 
persol VL (1.C.I.), washed, and squeezed. It was 
then sewn onto a glass stirrer, driven at 100 r.p.m., 
and entered into the solution of the chlorite, buffered 
to the requisite pH,* at a liquor ratio of 30:1. The 
chlorite solution was contained in a glass beaker be- 
cause metal vessels are severely attacked by chlorite 
solutions under many conditions. After the treat- 
ment the samples were allowed to stand for 10 min. 
in a dilute solution of sodium bisulfite in order to 
improve their color, and finally were washed in cold 
water. Unless stated otherwise, all concentrations 
are expressed as the percentage weight of the re- 
agent on the weight of wool treated. 


Shrinkage Testing 


Shrinkage testing was done by vigorous hand- 
milling [11] in a 1% soap sq@lution at 30°C, the area 
of the sample being measured before and after the 
test. At least one untreated control sample was 
tested together with the treated sample. Before de- 
termining the area prior to shrinking, all samples 
were allowed to recover from mechanical stress—.e., 
to relax—by immersion for at least 1 hr. in the soap 
solution. 


Alkali Solubility [14] 


The sample of known dry weight was treated for 
1 hr. at 65°C with 0.1N sodium hydroxide at a 
liquor ratio of 100:1. The wool was recovered in 
a Buchner funnel, washed free from alkali, and dried 
at 110°C. The alkali solubility is expressed as the 
percentage loss in weight. 


Analytical Procedure 


An acidified solution of a chlorite reacts with an 
iodide according to the equation 


NaClO, + 4H* + 4I- = NaCl + 2H,O + 21,. 


The liberated iodine can then be determined quan- 
titatively by titration with standard sodium thiosul- 
fate solution. Thus the NaClO, content of the so- 
dium chlorite used was determined by treating a 
known weight with an excess of potassium iodide 
solution and 2N H,SO,, followed by titration of the 
liberated iodine with 0.1N Na,S,O, solution. Be- 
fore the wool was entered into the chlorite solution, 


ment Co. pH meter. It was d. that during the wool 


* This was determined by +: of a Cambridge Instru- 
treatment the pH did not change by more than 0.4 unit. 
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a 5-ml. portion of the solution was similarly estj- 
mated for chlorite, and throughout the treatment the 
progress of the reaction was followed by iodometric 
titrations on aliquot portions of the bath removed at 
known intervals of time. The initial titration en- 
sured that the correct amount of oxidizing agent was 
in the solution, and allowed calculation of the time 
for half the oxidizing power of the bath to disappear 
(the half life). This value is a convenient measure 
of the rate of the reaction. 

To ensure that the liberation of the iodine was in 
fact due to chlorite and not to hypochlorite formed 
as an intermediate, 5-ml. portions of the solution were 
neutralized, and then 10 g. of sodium bicarbonate and 
20 ml. of 0.1N sodium arsenite solution were added. 
Under these conditions hypochlorite reacts with ar- 
senite, whereas chlorite does not. Back-titration of 
the arsenite with 0.1N iodine solution confirmed 
that no hypochlorite was present. 

After the oxidizing power of the solution had been 
exhausted, chloride was determined by adding an 
excess of 0.1N AgNO, solution to a portion and 
back-titrating with 0.1N NH,CNS solution. Chlo- 
rate was determined by passing sulfur dioxide 
through another portion of the solution for 30 min. 
and gently boiling to remove the excess. The chlo- 
ride was determined as before, the increase in chlo- 
ride corresponding to the chlorate present in the 
solution. 

The formaldehyde content of an exhausted bath 
was determined by adding an excess of a neutral sul- 
fite solution to a neutral portion of the. bath and 
titrating the sodium hydroxide liberated with stand- 
ard acid solution [16]. Formic acid was determined 
by titrating another portion with sodium hydroxide 
solution, using phenolphthalein as indicator. For 
these determinations the wool treatments had to be 
performed in unbuffered solutions. 


Test for Activation of Chlorite Solutions 


To determine if a substance activates a chlorite 
solution, 0.1 g. of the substance was added to 20 ml. 
of a pH 5 buffer solution containing 1.0 g. of NaClO, 
at 18°C, and the liberation of chlorine dioxide noted. 


Treatment with Chlorine Dioxide and Sodium 
Chlorite in Acid Solution 


Chlorine Dioxide 


Since in general it was only possible to obtain un- 
shrinkability of the wool samples if the acidity and 
temperature of the chlorite solution were such as to 
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TABLE Ff. TREATMENT OF WOOL WITH 


CHLORINE DIOXIDE 


Area shrinkage 
Treatment (%) 


None 35 
Aqueous ClO: (pH 3) 35 
Aqueous ClO: (pH 0.9) 35 
ClO:2 in CCl, 15 





TABLE II. TREATMENT OF WOOL WITH SopIUM CHLORITE 


IN SOLUTIONS OF DIFFERENT pH 


Area 
shrinkage 
pH of solution Buffering agent 
1 H.2SO, 
Sodium acetate-HCl 
Citric acid-Na2H PO, 
Citric acid-NasHPO, 
Citric acid-NazHPO, 
Citric acid-NasHPO, 
Glyvcine-NaOH-NaCl 
Glycine-NaOH-NaCl 
Untreated 





liberate chlorine dioxide, the role the chlorine dioxide 
played as an antifelting agent was investigated. 

Samples of fabric were treated in a 0.14N solution 
of chlorine dioxide at 18°C. After the oxidizing 
power of the solution had been exhausted (in all cases 
with a half life of 4 min.) the samples were milled. 
The shrinkages are given in Table I. 

It is seen that chlorine dioxide imparts a degree 
of unshrinkability to wool only when applied from 
a nonswelling solvent. As reported previously [12], 
in all cases the wool was colored deep brown. 


Sodium Chlorite in Acid Solution 


Optimum conditions for treatment.— 

(a) Effect of pH: The effect of varying the pH 
of the solution on the hand-milling shrinkages of wool 
samples after treatment for 1 hr. at 18°C with 20% 
sodium chlorite is shown in Table II. 

Thus, at 18°C it was possible to make wool un- 
shrinkable only in a solution of pH 1. The wool, 
however, was discolored and badly degraded. 

(b) Effect of temperature: The effect of varying 
the temperature and pH of the chlorite solution, using 
20% NaClO,, is shown in Table III. Damage was 
assessed roughly by the ease with which the sample 
could be torn. The samples were treated for 15 min. 
only, because a longer time period produced no 
greater degree of unshrinkability but only caused 
further damage. 
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TABLE III. 





TREATMENT OF WOOL WITH SODIUM 


CHLORITE AT DIFFERENT TEMPERATURES 


Temper- Area 
pH of ature shrinkage 


solution (°C) (%) 


2 30 —$§ 
2 50 — 


Damage 


Severe 
Disintegrated 
on milling 
3 40 21 Slight 
3 50 2 Slight 
4 50 38 Slight 
Untreated — 43 — 





TABLE IV. Errect oF REDUCING THE CONCENTRATION 


OF SopiuM CHLORITE 








Temper- Area 
ature NaClO, : shrinkage 
(°C) (%) ~ (%) 
1 —5 
30 
—5 
29 
Q 2 
3 24 
Untreated 


pH of 
solution 





(c) Effect of sodium chlorite concentration: Using 
conditions previously found to give unshrinkability 
(15 min. treatment), the effect of reducing the so- 
dium chlorite concentration by half was investigated 
(see Table IV) 

It is seen from the data in Table IV that 20% so- 
dium chlorite renders wool unshrinkable. For un- 
slirinkability the pH of the solution and the tempera- 
ture of treatment are interrelated. At pH 1, 18°C 
is sufficient ; at pH 2, 30°C is necessary; while in a 
solution of pH 3, 50°C is required. The wool has 
the best color and suffers the least damage by the 
latter treatment. The optimum conditions for treat- 
ing wool with sodium chlorite to confer resistance to 
shrinkage are, therefore, using 20% sodium chlorite 
in a solution of pH 3 at 50°C for 15 min. 

Properties of chlorite-treated wool—Examination 
under the microscope of a sample of fabric which 
had been treated with sodium chlorite under the opti- 
mum conditions, as described above, and then hand- 
milled in soap solution showed that approximately 
50% of the fibers were completely devoid of scales 
while the remainder had been badly damaged. The 
alkali solubility was 30.1%, as compared to 10.0% for 
similar untreated material. The color of the treated 
wool was a slightly pinkish brown, which could be 
removed by treatment with a very dilute acidified 
solution of sodium bisulfite. 








TABLE V. ANALYSIS OF THE EXHAUSTED SOLUTION 


Concentration (NV) 
of chloride: 


BeforeSO, After SO2 Concentration 
Agent for buffering addition addition of ClO;~ 
bath to pH 3 (a) (b)* (b—a) 
Acetic acid 0.042 0.073 0.031 
0.044 0.073 0.029 
H.SO,.-CH;COONa 0.048 0.074 0.026 








* Theoretical value is 0.074N. 


Mechanism of the reaction—In the absence of 
wool the acid chlorite bath is quite stable. Although 
in the presence of wool the oxidizing power of the 
solution takes an hour to exhaust, maximum un- 
shrinkability of the wool is achieved in 15 min. Fur- 
ther exhaustion of the chlorite onto the wool results 
in degradation. It is essential to commence the re- 
action with 20% sodium chlorite, even though only 
approximately one-third is required for the antifelting 
reaction. 

Wool was treated under the optimum conditions 
previously described. After the chlorite solution had 
completely exhausted, the chloride concentration was 
estimated before and after reduction with sulfur diox- 
ide (see Table V). 

The over-all oxidation of the wool, therefore, very 
approximately corresponds to the reaction 


3Cl0,- > 2Cr + ClO, + 30. 


It was shown that the antishrink reaction does not 
depend on the intermediate formation of hypochlo- 
rous acid, as portions of the bath failed to react with 
sodium arsenite solution, and the wool is still ren- 
dered nonfelting if sodium arsenite is added directly 
to the shrinkproofing solution. 

A study of the reaction between acid sodium chlo- 
rite and the major amino acids present in wool 
showed that only cystine is attacked. Cystine re- 
acted “with the chlorite bath used for the optimum 
conditions for treating wool with a half life of less 
than 2 min. 


Discussion 

The optimum conditions for rendering wool non- 
felting with sodium chlorite have been found to be a 
15-min. treatment using 20% sodium chlorite in a 
solution of pH 3 at 50°C. 

From a practical point of view, the use of acid 
chlorite has a number of disadvantages. The wool 
is discolored due to the formation of chlorine dioxide 
in the treating bath, and requires treatment with an 
acid bisulfite solution for its improvement. It has 
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been shown that aqueous chlorine dioxide itself does 
not confer unshrinkability. The property of chlorine 
dioxide to discolor but not antishrink wool has been 
noted previously in a patent [17] which adds a re- 
agent—e.g., hydrogen peroxide—to the acid chlorite 
shrinkproofing solution which immediately destroys 
chlorine dioxide. The damage of the treated wool, 
as assessed by microscopic examination and the alkali 
solubility test, is great. In this fact and the necessity 
for using a high initial concentration of chlorite, only 
part of which is required to produce unshrinkability, 
chlorite and hydrogen peroxide show some similarity 
as shrinkproofing agents. A further disadvantage of 
the acid chlorite process is that half of its oxidizing 
power is lost as chlorate due to the reaction 


3C1O,- > 2CI + ClO, + 30. 


It has been shown that at no stage is hypochlorous 
acid produced as an intermediate in the reaction, and, 
since chlorine dioxide and chlorate under these condi- 
tions have no antifelting properties, it is very prob- 
able that the effective agent is the chlorite ion itself. 

Experiments on individual amino acids have shown 
that acid chlorite functions solely by cystine degra- 
dation, and, in keeping with other wet processes 
which function by this means [3], unshrinkability is 
produced only with excessive damage to the wool. 


Treatment with Activated Sodium Chlorite 
in Neutral Solution 
Organic Activators 


Using as the criterion for activation the liberation 
of chlorine dioxide from a chlorite solution of pH 5, 


TABLE VI. AcTIVATING PROPERTIES OF 
ORGANIC SUBSTANCES 


Activation No activation No activation 
Formaldehyde Paraldehyde Styrene 
Glyoxal Glucose m-Dinitrobenzene 
Benzaldehyde Acetamide Ethylene glycol 
Acetaldehyde Urea Ethyl formate 
Acrolein Methylamine Ethyl acetate 
Propionaldehyde Dimethylamine Thiophene 
n-Butyraldehyde Trimethylamine Furane 
Isobutyraldehyde Aniline Azobenzene 


6-OH-Valeric aldehyde Cyclohexylamine Azoxybenzene 


Vanillin Pyridine Benzyl mercaptan 
Chloral Morpholine Ethyl alcohol 
Thiourea 2-Aminothiazole Isopropyl alcohol 
k activati Acetophenone n-Butyl alcohol 
Weak activation Acetone Isobutyl alcohol 
Cyclohexanone Benzene tert-Butyl alcohol 
Cyclohexanol Chlorobenzene n-Amyl alcohol 
Phenol Cyclohexane 
Methyl alcohol 
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the activating properties of a number of organic sub- 
stances were determined (see Table VI). 

Of the organic compounds investigated, which in- 
clude members from all groups, the only ones show- 
ing appreciable activation were the aldehydes and 
thiourea. Phenol, methyl alcohol, and the cyclo- 
hexane derivatives showed a very weak effect. 

The effect of these substances on the felting prop- 
erties of wool fabric when added to the neutral chlo- 
rite bath was further investigated. It was found that 
thiourea and all aldehydes were effective, but the sub- 
stances described in Table VI as showing only weak 
activation were completely ineffective. Although 
thiourea is an organic substance, its chemical prop- 
erties are similar to those of the effective inorganic 
activators (p. 598), and it will be described with those 
substances, only the aldehydes being considered at 
this stage. 

Since formaldehyde is the simplest and most read- 
ily available aldehyde, its use as an activator was 
studied in detail. 


Optimum conditions for treating wool with chlorite 
and formaldehyde. 


(a) Effect of pH : Fabric samples were treated with 
20% sodium chlorite and 5% formaldehyde (actual 
H-CHO) in solutions of different pH at 18°C. The 
solution of pH 9 was 0.05M borax, while the others 
were a citric acid-sodium phosphate buffer. Hand- 
milling shrinkages are given in Table VII. AI- 


TABLE VII. Errect or pH ON THE TREATMENT OF 
Woo. with NaClO, anp H-CHO 


pH of Area shrinkage 
solution (%) 


COONAN > 
nN 
o 


Untreated 30 





TABLE VIII. Errect oF CHLORITE CONCENTRATION ON 
THE TREATMENT OF WOooL witH NaClO:, anp H-CHO 





Area 
NaClo, pH of Temperature _ shrinkage 
(%) solution (°C) (%) 
10 8 18 0 
5 8 18 21 
5 8 40 5 
20 9 30 17 
20 9 50 6 
10 7 18 1 
Untreated — — 31 
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TABLE IX. ErFrrect or FORMALDEHYDE ON THE 
RATE OF THE REACTION 


Formaldehyde Half life Total time 
(%) (min.) (min.) 
5 5 20 
2 60 180 
1 150 — 





though there is reaction at all pH values below 9, 
unshrinkability is produced only in a narrow pH 
range on either side of neutrality. 

(b) Effect of chlorite concentration: Treatments 
were performed using a constant concentration of 
5% formaldehyde, while the chlorite concentration 
was varied against the temperature and pH of the 
solution (Table VIII). 

(c) Effect of formaldehyde concentration: The 
effect of reducing the concentration of formaldehyde 
was determined by using 10% sodium chlorite in a 
solution of pH 7 at 18°C. Provided the bath was 
allowed to exhaust, the samples were in all cases 
unshrinkable. It is seen from Table IX that the 
effect of reducing the formaldehyde concentration is 
to reduce the rate of the reaction. Suitable condi- 
tions for making wool unshrinkable are therefore 
using 10% sodium chlorite and 5% formaldehyde in 
a solution of pH 7 to 8 at 18°C. 

Properties of the treated wool—The damage of the 
treated wool, as assessed by microscopic examination 
and the alkali solubility test, is not very great. Thus, 
after treatment at 18°C with 10% sodium chlorite 
and 5% formaldehyde in a solution of pH 7 or 8, 
milled samples had about 70% of the fibers intact, 
the remainder showing some scale modification. The 
alkali solubility was 15.3% and 12.7% after treat- 
ment at pH 7 and 8, respectively, as compared to 
10.0% for an untreated sample. 

After treatment the wool is a deep yellowish 
brown, presumably due to the chlorine dioxide pres- 
ent in the solution. Of the large number of reagents 
which were used in an attempt to remove this, only 
potassium metabisulfite, sodium formaldehyde sulf- 
oxylate, sodium hydrosulfite, and acidified sodium 
bisulfite were effective, the latter two bleaching very 
quickly. Since sodium bisulfite is less damaging to 
wool than hydrosulfite, it is preferable to treat the 
material with a very dilute acidified solution of bisul- 
fite in order to improve the color. Better results 
were obtained by aftertreating immediately and not 
allowing the wool to stand or dry out first. 

Mechanism of the reaction—A bath of pH 7 con- 
taining 20% sodium chlorite and 5% formaldehyde 
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ee 
TABLE X. ANALysiIs OF CHLORITE-FORMALDEHYDE 
SOLUTION 


Analysis Analysis 
1 2 
(g.) (g.) 
Formic acid 0.069 0.067 
CH:;0 equivalent to formic acid 0.045 0.043 
Residual formaldehyde 0.139 0.141 
Total formaldehyde equivalent 0.184 0.184 








at 18°C was exhausted in the presence of wool and 
then estimated for chloride. The solution was 0.069N 
with respect to chloride, as compared to a theoretical 
value of 0.074N. This showed that at least 90% 
of the chlorite had reacted via the over-all reaction 


C10,- > Cr + 20. 


Although the absence of chlorate would appear to 
explain why only half the quantity of chlorite is 
necessary when formaldehyde is also present, this 
explanation must be rejected because it was found 
that chlorite-formaldehyde solutions exhausted in the 
absence of wool with a half life comparable to that 
in the presence of wool—e.g., at pH 8, 12 min. with- 
out wool and 8 min. with wool. Thus, the oxygen 
theoretically available according to the above equa- 
tion is not utilized solely for oxidizing the wool, as 
the bath itself rapidly loses oxidizing power, whereas 
the acid chlorite solution is quite stable. 

It seemed reasonable to assume that the exhaustion 
of the bath in the absence of wool was due to the 
oxidation of formaldehyde to formic acid. 150 ml. 
of a bath identical to that used for the chloride deter- 
mination—+.e., containing 0.25 g. formaldehyde—was 
analyzed for formic acid and residual formaldehyde 
after reaction with wool. Duplicate analyses are 
given in Table X. 

The discrepancy between the initial formaldehyde 
present and that accounted for by analysis may be 
due partly to the fact that formaldehyde has a small 
combining power for wool [5]. It is seen from 
Table X that approximately 20% of the formalde- 
hyde is oxidized to formic acid. 

Possibility of the reaction proceeding via hypochlo- 
rite —Although formaldehyde liberates chlorine diox- 
ide from a neutral chlorite solution, it has been shown 
in a previous section (pp. 592-3) that chlorine diox- 
ide is not the active antifelting agent. 

Since hypochlorite at pH 7 is an excellent anti- 
felting agent, it seemed possible that antishrink prop- 
erties of the chlorite-formaldehyde solution were in 
fact due to hypochlorite produced by the reaction 


NaClO, + H-CHO — NaOCl + H-COOH. 
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Use oF DIFFERENT ALDEHYDES 
AS ACTIVATORS 


TABLE XI. 











Time for 
Temper- exhaus- Area 
ature pH of tion shrinkage 

Aldehyde (°C) solution (min.) (%) 
Untreated — — ee 31 
Glyoxal 18 7 20 1 
Glyoxal 50 4 - Fay 2 
Benzaldehyde 50 4 10 2 
Acetaldehyde 18 7 20 2 
Lauryl aldehyde 45 4 50 6 
Phenylacetaldehyde 35 4 60 7 
n-Heptaldehyde 18 4 30 13 
Glyoxylic acid 90 4 45 —3 
5-Hydroxy-valeric aldehyde 18 4 20 6 
Isobutyraldehyde 80 4 60 0 
Chloral hydrate 40 5 60 1 
Crotonaldehyde 60 5 45 —3 
Acrolein 80 6 60 10 
n-Butyraldehyde 90 4.5 60 —2 





By the following reasoning it was shown conclu- 
sively that the antishrink reaction was not due to 
hypochlorite : 

(a) Hypochlorite in the presence of chlorite does 
not make wool unshrinkable. Thus, wool was treated 
in a solution of pH 7 containing 20% sodium chlorite 
at 18°C with the addition of varying quantities of 
sodium hypochlorite. When hypochlorite equivalent 
to 0.5% and 1.0% available chlorine was added, the 
bath failed to exhaust. Increasing the quantities to 
2.0% and 5.0% caused the bath to exhaust, but on 
milling, the wool samples shrank 24% and 21%, re- 
spectively, as compared to a control of 30%. The 
presence of the chlorite thus inhibited the antifelting 
action of the hypochlorite. 

(b) Attempts to estimate hypochlorite in the 
chlorite-formaldehyde solution before the wool was 
entered and during the wool treatment completely 
failed to detect hypochlorite. Further, the addition 
of sodium arsenite directly to the shrinkproofing 
solution neither changed the rate of the reaction nor 
the unshrinkability of the treated samples. This is 
convincing proof that the reaction does not proceed 
via hypochlorite because large quantities of arsenite 
were added—e.g., 50 ml. of 0.1N sodium arsenite 
solution to 150 ml. of shrinkproofing solution—and 
any hypochlorite formed would have reacted prefer- 
entially with the arsenite (homogeneous reaction) 
rather than with the wool (heterogeneous reaction). 

(c) Although phenol reacts with hypochlorite at 
pH 7 to give 2,4,6-trichlorophenol (identified after 
crystallization from alcohol by m.p. 65°-66°), a mix- 
ture of chlorite and formaldehyde gave a black tar, 
which could not be crystallized and, as analysis 
showed, contained no chlorine. The product must 
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therefore have been an oxidation product as opposed 
toa chlorinated product, as in the case of hypochlorite. 

Use of other aldehydes as activators.—Fabric sam- 
ples were treated with 20% sodium chlorite and 10% 
of various aldehydes, except for glyoxal, benzalde- 
hyde, and acetaldehyde, when only 5% was used. 
After the bath had exhausted, the samples were 
milled (see Table XI). The pH values indicated 
were produced by buffering with either a solution of 
19 g. of anhydrous sodium acetate per liter containing 
the requisite amount of acetic acid or a solution of 
10 g. of sodium dihydrogen phosphate per liter con- 
taining the requisite amount of sodium hydroxide. 
It is seen that the activation effect of aldehydes is 
very general, and it is produced even by those that 
are sparingly water-soluble. 

Inhibition of activation by the ammonium radical 
and amines.—This aspect was investigated after it 
had been found that (a) a chlorite-formaldehyde 
solution reacted slower with all of the individual 
a-amino acids present in wool keratin, including 
cystine, than with wool itself, and (b) wool could 
not be rendered unshrinkable in solutions containing 
ammonium salts as buffering agents due to the failure 
of the bath to exhaust. 

Using as a test the suppression of the evolution 
of chlorine dioxide from a solution containing sodium 
chlorite and formaldehyde of pH 7, it was found that 
inhibition was produced only by the ammonium radi- 
cal (ammonium persulfate is an exception) and all 
amino compounds which possess a free hydrogen 
atom attached to the nitrogen. Thus, whereas tri- 
methylamine and pyridine are not inhibitors, di- 
methylamine and piperidine are. 

It was found that the deleterious effect these sub- 
stances have on the wool treatment was due to the 
fact they prevented the oxidation of part of the for- 
maldehyde to formic acid, with subsequent failure of 
the solution to exhaust. Thus, using ammonium 


chloride it was found that 5% of the NH,* ion com- 
pletely stopped the reaction, and even 1% doubled 
The inhibiting effect of am- 


the time for reaction. 





ACTIVATING PROPERTIES OF SOLUBLE 
INORGANIC SUBSTANCES 


TABLE XII. 





Activation No activation No activation 
Sodium hydrosulfite Sodium sulfide Hydrazine 
Sodium bisulfite Sodium selenite Hydroxylamine 
Sodium sulfite Sodium phosphite Sodium formate 
Sodium formalde- Sodium cyanate Sodium hypophos- 
hyde sulfoxylate Sodium nitrite phite 


Sodium thiosulfate 


Sodium oxalate 
Potassium thio- 


cyanate 
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monium salts was confirmed using acetaldehyde, gly- 
oxal, propionaldehyde, n-butyraldehyde, benzalde- 
hyde, acrolein, and 8-hydroxy-valeric aldehyde. 


Inorganic Activators 


Soluble metallic salts—It was found that soluble 
salts of 30 of the most common metals (Li, Na, K, 
Cu, Ag, NH,, Be, Mg, Ca, Sr, Ba, Al, Ce, Sn, Pb, Ti, 
Zr, Th, V, Sb, Bi, Cr, Mo, W, U, Mn, Fe, Co, Ni, 
Os) failed to activate a sodium chlorite solution of 
pH 5. The chloride, sulfate, or nitrate of the metal 
was used, except for vanadium (vanadate), molyb- 
denum (molybdate), tungsten (tunstate), and os- 
mium (“osmic acid”). Since there was no general 
catalysis by the metals, certain specific inorganic 
compounds, both soluble and insoluble in water, were 
tested. 

Soluble inorganic activators.—It is seen from Ta- 
ble XII that the soluble activators are characterized 
by containing sulfur and possessing reducing proper- 
ties. Although sodium sulfide falls into this class of 
substance, it is not an activator. 

Insoluble inorganic activators —Of more than 100 
insoluble substances tried as activators for a chlorite 
solution of pH 5, 24 caused varying degrees of acti- 
vation, judged by the evolution of chlorine dioxide, 
the remainder being without effect. It was impos- 
sible to find any correlation of chemical properties 
among the activators. Thus, whereas amorphous 
sulfur, selenium, and powdered carbon were the three 
best activators, rhombic sulfur, tellurium, and tung- 
sten carbide were completely ineffective. This, and 
the fact that the activator could be recovered un- 
changed, establishes beyond reasonable doubt that 
the activation is due to surface catalysis. 

Reactions with wool_—It was considered that only 
the soluble sulfur-containing substances were worth 
studying as activators for the wool reaction. The 
use of insoluble activators would have involved a 
system containing two solid phases (the wool and 
the activator), which would have presented difficul- 
ties in obtaining a level treatment. 








TABLE XIII. 
SULFUR COMPOUNDS 


Limits OF CONCENTRATION FOR 


Concentration (%) for 


activation 

Lower Upper 

Activator limit limit 
Sodium bisulfite 1.4 2.6 

Sodium formaldehyde 

sulfoxylate 0.1 2.6 
Sodium hydrosulfite 0.6 1.4 
Sodium thiosulfate 1.2 2.6 


Thiourea | 0.1 1.2 
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TABLE XIV. TREATMENT OF WOOL WITH SODIUM 


, CHLORITE AND SULFUR COMPOUNDS 


Con- Tem- Area 
centra- pera- Half shrink- 

tion ture life age 

Activator (%) (°C) pH (min.) (%) 
Sodium bisulfite 2.5 40 5 20 9 

Sodium formaldehyde 

sulfoxylate 2.0 18 7 3 1 
Sodium hydrosulfite 1.0 40 - 15 8 
Sodium thiosulfate ye. 30 6 15 1 
Thiourea 1.0 25 6 4 3 
Untreated oe oo —- — 33 


A fundamental difference between these activators 
and aldehydes was that the amounts required were 
quite specific. Thus, using 20% sodium chlorite in 
a solution of pH 7, there were limits below or above 
which neither activation nor unshrinkability of wool 
was produced (Table XIII). In Table XIV are 
given the hand-milling shrinkages for wool samples 
treated with 20% sodium chlorite in the presence of 
activating sulfur compounds. There was no inhibi- 
tion of the reaction by ammonium salts or amines as 
with aldehyde activation. 

The properties of the finished wool were not inves- 
tigated in detail, but the color was quite good, being 
much superior to that of wool treated by the reaction 
activated with aldehydes. 


Summary and Conclusions 


The activation of neutral chlorite solutions in order 
that they may be used to antishrink wool has shown 
that the simplest agents for this purpose are formal- 
dehyde and certain sulfur-containing reducing sub- 
stances. The advantages of this treatment over the 
acid chlorite process are (1) processing may be car- 
ried out in neutral solution at room temperature, 
with consequently less damage to the plant, and (2) 
the wool suffers very little damage. When formal- 
dehyde is used, the chlorine dioxide produced during 
the wool treatment, although not the antifelting agent, 
produces bad discoloration, and for most purposes 
an aftertreatment—e.g., with bisulfite solution— 
would be essential. By using sodium bisulfite as 
activator, the color is much improved, part of the 
bisulfite probably acting as a bleaching agent during 
the wool reaction. — 

The mechanism of the reaction, using formaldehyde 
as activator, has been investigated in some detail, 
but it is still obscure. Although it has been shown 
that part of the formaldehyde is oxidized to formic 
acid, the simple reduction of the chlorite to hypo- 
chlorite has been shown not to be the cause of the 
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antifelting reaction. The oxidation of the formal. 
dehyde appears to be an essential factor in the re- 
action, since ammonium salts and amines which ip- 
hibit this also prevent the antifelting reaction from 
taking place. 
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Factors Affecting the Properties of Rayon Fabrics’ 


Lake Hugh Jameson,} Benjamin L. Whittier,{ and Herbert F. Schiefer** 
School of Textiles, North Carolina State College, Raleigh, North Carolina 


Abstract 


The effects of warp tension, number of filaments, and luster of viscose warp yarns, and the 
effects of number of picks and denier of viscose filling yarns of 32 woven fabrics on the weight, 
construction, breaking strength, and elongation of yarns, and on the breaking strength (grab 
and strip), elongation (strip), tearing strength (tongue), crimp, seam slippage, crease recovery, 
resistance to abrasion, and air permeability of fabrics were evaluated. The relationship be- 
between strip strength, S, strip elongation, E, and grab strength, G, was found to be 


es 100 —E 
S=095 ( a ) é: 
The relationship between resistance to abrasion, log R, picks per inch, P, and denier of filling, 
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D, was found to be equally well expressed by the following equations : 


log R = 2.167 + 0.011P + 0.0068D 
log R= — 2.517 + 1.50 log P + 1.70 log D. 


The relationship between the air permeability, A, picks per inch, P, and denier of filling, D, was 


found to be 


A = 1033 — 2D — 9P. 


Introduction 


It is well known that the geometry of a fabric has 
a marked influence on its properties. The fact that 
the number of different combinations of weaves, con- 


centration of yarns, and size and twist of yarns is 


almost limitless has made it impractical to establish 
many general conclusions which would apply to a 
large range of fabrics. Valuable information con- 
cerning the effect of construction on certain proper- 
ties, such as water penetration (Peirce), tearing 
strength (Schiefer), wear-resistance (Backer), and 
abrasion-resistance (Schiefer), has been made avail- 
able, but most of the information relates to fabrics 
made from spun yarns, mainly cotton. 


* This paper is based on the thesis submitted by the senior 
author as part of the requirements for the degree of Master 
of Science in Textiles at the School of Textiles, North Caro- 
lina State College. 

+ Member of the faculty of the School of Textiles at Clem- 
son College, Clemson, S. C. 

t Professor and Head of the Department of Fabric Devel- 
opment at the School of Textiles, North Carolina State 
College. 

** On leave from the Bureau of Standards during 1951-52 
as Director of Research and Graduate Instruction at the 
School of Textiles, North Carolina State College. 


Consequently, it seemed worth while to initiate a. 
study of fabrics made entirely from continuous- 
filament synthetic yarns. Viscose rayon, the most 
widely used synthetic yarn in the United States and 
in the world,. seemed a logical choice. Although it 
was realized that conclusions would necessarily apply 
only to a limited range of fabric constructions, it 
seemed probable that some enlightening facts about 
fiber, yarn, and fabric interrelationships would be 
discovered or at least verified. If so, it was felt that 
such information could be of help to the textile manu- 
facturer in the development of fabrics, as well as to 
the consumer desiring a fabric that would best satisfy 
specific requirements, such as strength, abrasion- 
resistance, or air permeability. 


Scope of Work 


With this purpose in mind, a series of 32 fabrics 
were woven in plain weave, with concentration of 
ends per inch (e.p.i.) and picks per inch (p.p.i.) 
approximating the construction of a rayon taffeta. 
One set of warp yarns, all 150-denier viscose rayon, 
was used, but the filling pattern was systematically 
varied by using 75-denier and 150-denier yarn, with 





600 





52, 62, and 72 picks/in. Half of the warp yarns 
were 150/90 dull viscose rayon and the other half 
were 150/40 bright viscose rayon, each set extending 
from opposite selvages to the middle of the loom. 
Each construction was woven with three different 
measured tensions, which are designated as low, L, 
medium, M, and high, H. 

The original plan called for 36 samples, but dif- 
ficulty was encountered in weaving the 72-pick con- 
structions with the low warp tension. The 32 sam- 
ples of 5 yds. each which were produced and tested 
were as follows: 


150/90 dull warp, 150/40 bright warp, 


85 e.p.A. 85 e.p.t. 
EL, 32 ppi.,: 75 D £, 32 ged, 75 D 
L, 52 p.p.i., 150 D L, 52 p.p.i., 150 D 
L, 62 p.p.i., 75 D L, G2 papi. 75 D 
L, 62 p.p.i., 150 D L, 62 p.p.i., 150 D 
M, 52 p.p.i., 75 D M, 52 p.p.i., 75 D 
M, 52 p.p.i., 150 D M, 52 p.p.i., 150 D 
M, 62 p.p.i., 75 D M, 62 p.p.i., 75 D 
M, 62 p.p.i., 150 D M, 62 p.p.i., 150 D 
M, 72 ppi., 75 D M, 72 p.p.i., 75 D 
M, 72 p.p.i., 150 D M, 72 p.p.i., 150 D 
H, 52 p.pi. 75 D H, 52 p.pi., 75 D 
H, 52 p.p.i., 150 D H, 52 p.p.i., 150 D 
H, 62 p.pi., 75 D H, 62 p.p.i. 75 D 
H, 62 p.p.i., 150 D H, 62 p.p.i., 150 D 
H, 72 p.p.i., 75 D H, 72 p.p.i.° 75 D 
H, 72 p.p.i., 150 D H, 72 p.p.i., 150 D 


Tests were made of the following properties: 
weight, breaking strength, elongation, tearing 
strength, crimp, seam slippage, crease recovery, re- 
sistance to abrasion, and air permeability. The re- 
sults of some of these tests and their evaluation are 
presented in this article. 


Processing Procedure and Equipment 


All yarns used were regular-tenacity rayon yarns 
with approximately. 2.5 turns/in. and about 2.2 
g./den. tenacity, furnished by the American Viscose 
Corporation. The warp yarn was wound from cakes 
to cones on a Universal Number 50 Winder, run 
from a vertical type creel§@to a Cocker high-speed 
drum driven warper, and sized on a 5-cylinder 
Cocker rayon type slasher. A gelatin size was used, 
which was effective in protecting the warp yarns 
during the weaving. During the slashing operation, 
an excessive amount of tension resulted in more than 
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a normal amount of elongation of the warp yarn 
being removed, but it did not affect the weaving, and 
there seemed to be no evidence of any effect on the 
evalution of properties. 

The fabrics were woven on a 48-in. Draper XD 
single-shuttle loom with dobby head and Bartlett 
let-off motion. This motion was adjusted first to 
the maximum tension practicable for weaving 72 
picks of 150 denier, which was established as “high,” 
later to the minimum tension practicable for weaving 


52 picks of 75 denier (“low”), and, by the use of | 


a warp tensiometer, a “medium” tension was estab- 
lished halfway between. 

Eight-inch quills, wound on a Universal Number 
90 Winder, were used in properly furred new rayon 
type shuttles, with the tension adjusted: for 75-denier 
and 150-denier filling. 

Every precaution was taken throughout the proc- 
essing to minimize damage to the yarns, and continual 
close observation did not disclose any unusual de- 
struction of filaments. Conditions of approximately 
80°F and 70% R.H. were maintained during the 
weaving. 


Procedure and Equipment 


All physical tests were made on specimens that 
had been exposed for at least 24 hrs. to atmospheric 
conditions of 70° +2°F and 65% +2% R.H. 
The testing procedures used were those recommended 
by the A.S.T.M. (designation 39-39) [1] or by Fed- 
eral Specifications CCC-T-191 b [7]. The number of 
specimens tested were in accordance with the above 
specifications, with five samples each for weight, con- 
struction, fabric strength, crimp, crease recovery, 
abrasion, and air permeability, but with twenty 
specimens each for yarn strength. 

The testing machines used were as follows: 


Yarn strength—Scott Model I.P.-2, Inclined-Plane, 
0-500 g. capacity 

Fabric strength—Scott Model J-2, pendulum, 0-150 
Ibs. capacity 

Tearing strength—Scott Model J-2, pendulum, 0-35 
Ibs. capacity 

Seam slippage—Scott Model J-2, pendulum, 0-50 
Ibs. capacity 

Crease recovery—Monsanto 
Tester 

Abrasion-resistance—Schiefer Abrasion Tester 

Air permeability—Frazier Air Permeability Tester 


Wrinkle Recovery 
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Discussion of Results 
Warp Tension 


Warp tension had no significant effect on the 
physical properties studied. This was probably due 
to the over-all effect of large cyclic tensions during 
the shedding, picking, and beating-up operations, 
which thus nullified the changes due to controlled 
nominal tensions. Therefore, in the subsequent dis- 
cussions no distinction is made concerning warp 
tension. 


Warp Yarn 


The 150-denier, 40-filament, bright warp yarn and 
the 150-denier, 90-filament, dull warp yarn also had 
no effect on the physical properties studied. Deter- 
mination of the effects which the number of filaments 
and luster might have on the physical properties 
would require a more comprehensive study than the 
one undertaken. 


Weight 


When the picks per inch for the 75-denier filling 
were increased by multiples of ten, the fabric weight 
increased 0.1 oz./yd.? (Table 1). This increase was 
0.25 oz./yd.” for the 150-denier filling. By increas- 
ing the filling denier from 75 to 150, the weight in- 
creased 0.5, 0.65, and 0.8 oz./yd.? for the 52, 62, and 
72 picks/in., respectively. 


Construction 


The actual number of ends per inch was equal to 
the nominal value of 85 in 19 fabrics. It differed by 
only 1 end from the nominal value in 10 fabrics, 2 
ends in 2 fabrics, and 3 ends in 1 fabric. The actual 
number of picks per inch was equal to the nominal 
value in 26 fabrics, and it differed by only one pick 
from the nominal value in the other 6 fabrics. These 
results indicate that the ends and picks per inch were 
very close to the nominal values and were well within 
the normal tolerances for good weaving. 


Breaking Strength and Elongation of Yarns 


The breaking strength and elongation of the three 
different yarns used in weaving are summarized in 
Table II. Values are also given for the warp yarns 
after they were sized. The tenacity of the three un- 
sized yarns was about the same, with an average of 
2.2 g./den. Likewise, the elongation of the three 
unsized yarns was nearly the same, with an average 


TABLE I. Fasric WEIGHT 


Weight (oz./yd.*) for the 
following filling deniers: 


Picks/in. 75 150 


52 2.2 2.7 
62 2.3 2.95 
72 2.4 3.2 


TABLE II. BREAKING STRENGTH AND 
ELONGATION OF YARN 


Yarn denier Breaking strength 


(g.) (g./den.) (%) 
150/90 Dull, unsized 318 2.12 19.3 
150/90 Dull, sized 362 2.41 9.7 
150/40 Bright, unsized 341 2.27 21.8 
150/40 Bright, sized 351 2.34 9.9 
75/30 Bright, unsized 162 2.16 19.0 


Elongation 











TABLE III. Computep Warp AND FILLING STRENGTHS* 


Warp strength (Ibs.) 
85 e.p.i. 


Filling strength (Ibs.) 

52 p.p.i. 62 p.p.i. 72 p.p.i. 
150/90 Dull 68 36.5 43.5 50.5 
150/40 Bright 66 — — — 
75/30 Bright — 18.5 22.0 25.5 


Yarn denier 


*Each value is the product of the yarn strength and the 
number of ends per inch or picks per inch. 


of 20%. The tenacity of the two sized yarns was 
slightly higher than for the unsized yarns. The 
elongation of the two sized yarns, however, was only 
about half that of the unsized yarns. This decrease 
resulted primarily from a 12% stretch during slash- 
ing. This is somewhat higher than the normal 
stretch of about 7% in commercial slashing. How- 
ever, there was no difficulty encountered in weaving 
owing to this excessive stretching in slashing. The 
amount of size was 3.2% for the 150/40 bright yarn 
and 7.2% for the 150/90 dull yarn. This difference 
in size take-up is attributed to the fact that 90 fila- 
ments have a greater surface than 40 filaments in 
the yarn. 

In Table III are given the computed strengths of 
the warp and filling yarns for the nominal values of 
the ends and picks per inch which were used in 
weaving the experimental fabrics. These figures are 
of value in the interpretation of the actual warp and 
filling strengths of the fabric, and will be referred to 
in the discussion of fabric strength. 
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Breaking Strength and Elongation of Fabrics 





Grab Method.—The warp grab strength decreased 
linearly as the number of picks was increased from 
52 to 72, as shown at the top of Figure 1. This de- 
crease resulted from the abrasive actions of the shed- 
ding, picking, and beating-up operations, which are 
directly proportional to the number of picks per inch. 
, The rate of decrease of the warp strength with the 
number of picks was decidedly greater for the 150- 
denier filling than for the 75-denier filling, and is 
indicated by the change in slope of the solid lines 
drawn through the average value at each nominal 
number of picks. The warp crimp was about 50% 
greater for the 150-denier filling than for the 75- 
denier filling yarn. Although the magnitude of the 
warp crimp was small, it is believed that a 50% 
increase in the warp crimp will result in higher warp 
tension ranges and more severe abrasive actions 
during each shedding, picking, and beating-up cycle, 
and thus result in a lower warp breaking strength. 
The over-all effect of picks and denier of filling 
yarn on the warp strength is indicated by the position 
of the solid lines in relation to the dotted lines, which 
@| represent the strength of the warp yarns computed 
for 85 ends. These displacements indicate the fabric 
assistance for the warp strength by the grab method. 
It is. positive for the 75-denier filling yarns at the 
three nominal picks; for the 150-denier filling yarns 
it is positive for the 52 picks, approximately zero 
for 62 picks, and negative for 72 picks. 

The filling strength increased linearly, as expected, 
when the number of picks was increased from 52 to 
72, as shown at the bottom of Figure 1. Similarly, 
the filling strength increased approximately linearly 
as the denier of the filling was increased from 75 
to 150. 

The over-all effect of picks and denier of filling 
yarn on the filling strength is indicated by the posi- 
tion of the solid lines in relation to the dotted lines, 
which represent the strength of the filling yarns com- 
puted for 52, 62, and 72 picks, respectively, for the 
75- and 150-denier filling yarns. These displace- 
ments indicate the fabric assistance for the filling 
strength by the grab method. It is positive in all 
instances, and appears to increase slightly, as ex- 
pected, with the number of picks. 

For cotton fabrics, it has been found that the sum 
of the warp and filling grab breaking strength divided 
by the weight per square yard remains constant for 
a wide range of fabrics [23]. Such a simple rela- 
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tionship has many obvious advantages, and it there. 
fore seemed worth while to examine the present data 
for a similar relationship. The sums of the warp 
and filling grab breaking strengths were divided by 
the corresponding weights of the fabrics. These 
quotients were essentially constant, and indicated that 
such a relationship also existed for continuous- 
filament rayon fabrics—viz., H = 45 W, where H 
is the sum of the warp and filling grab breaking 
strengths (lbs.), and W is the weight (oz./yd.?), 
Strip Method.—The warp strip strength decreased 
linearly as the number of picks were increased from 
52 to 72, as shown at the top of Figure 2. This 
decrease resulted from the abrasive actions of the 
shedding, picking, and beating-up operations, which 
are directly proportional to the number of picks per 
inch. The rate of decrease of the warp strength 
with the number of picks was decidedly greater for 
the 150-denier filling than for the 75-denier filling, 
and is indicated by the change in slope of the solid 
lines drawn through the average value at each nomi- 
nal number of picks. The reason for this effect was 
mentioned in connection with the grab strength. 
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The over-all effect of picks and denier of filling 
yarn on the warp strength is indicated by the position 
of the solid lines in relation to the dotted lines, which 
represent the strength of the warp yarns computed 
for 85 ends. These displacements indicate the fabric 
assistance for the warp strength by the strip method. 
It is negative for both the 75- and 150-denier filling 
yarns at the three nominal picks. This indicates 
that the effect which was due to the abrasive actions 
during weaving on the warp yarns exceeded the 
fabric assistance obtained through interlacing with 
the filling yarns. 

The filling strength increased linearly, as expected, 
when the number of picks was increased from 52 to 
72, as shown at the bottom of Figure 2. Similarly, 
the filling strength increased approximately linearly 
as the denier of the filling was increased from 75 
to 150. 

The over-all effect of picks and denier of filling 
yarn on the filling strength is indicated by the posi- 
tion of the solid lines in relation to the dotted lines, 
which represent the strength of the filling yarns com- 
puted for 52, 62, and 72 picks, respectively, for the 
75- and 150-denier filling yarns. These displace- 
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ments indicate the fabric assistance for the filling 
strength by the strip method. It is negative for the 
75-denier filling yarn and is slightly positive for the 
150-denier filling yarn. 

The apparently greater fabric assistance obtained 
in the grab method as compared to that obtained in 
the strip method is not an attribute of the fabric. It 
is an attribute of the grab testing method, where the 
load is borne partially by a number of yarns immedi- 
ately adjacent to those clamped in the central inch 
of the grab specimen. 

The elongations of the warp and filling by the strip 
method were not affected significantly by the warp 
tension, bright and dull warp yarns, picks per inch, 
or denier of the filling yarns. It is significant, how- 
ever, that the elongation of the filling (28%) is over 
twice that of the warp (12%). 

Comparison Between Grab and Strip Strength._— 
The grab strength of each fabric is plotted against 
the strip strength in Figure 3 for both the warp and 
the filling. All of the points for both the warp and 
the filling are located below the line drawn at 45° to 
the coordinate axes. This indicates that the grab 
strength always exceeds the strip strength, as ex- 
pected, because the load is partially borne by a num- 
ber of yarns immediately adjacent to those clamped 
in the central inch of the grab specimen. It can also 
be seen in Figure 3 that all of the points representing 
the warp strength cluster about a straight line that 
passes through the origin. The same is true for the 
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Fic. 3. Relationship between grab and 
strip breaking strengths. 
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filling, except that the slope of this line is less. These 
lines may be represented ‘by the following equations : 


Sw = 0.84 Gy, or G, = 1.19 S,; 
Sy = 0.69 G}, or G; = 1.45 we; 


where S, and S; represent the warp and filling strip 
strength, respectively, and G, and G; represent the 
warp and filling grab strength, respectively. The 
grab warp strength averages 19% higher than the 
strip warp strength. However, the grab filling 
strength averages 45% higher than the strip filling 
strength. As mentioned above, the higher grab 
strength results because a number of yarns immedi- 
ately adjacent to those clamped in the central inch 
of the grab specimen carry part of the load. The 
number of these yarns which will carry part of the 
load depends upon the elongation of the varns under 
test. Since the elongation of the filling is over twice 
that of the warp, a larger number of adjacent yarns 
will carry part of the load in the filling grab test than 
in the warp grab test. This accounts for the much 
higher ratio of grab strength to strip strength for the 
filling than for the warp. It would seem possible, 
therefore, to derive a single equation relating the 
grab and strip strengths which would include the 
strip elongation and be valid for both warp and 
filling. This general equation is 
B) 


where S is the strip strength, E is the strip elongation 
(%), and G is the grab strength. The expression 
within the parentheses represents the fraction of the 
grab strength which is borne by the yarns contained 
within the —" inch of the grab specimen. This 


implies that —~ in 00 represents the fraction of the grab 


S = 0.95 (a 


strength which is borne by the yarns immediately 
adjacent to those clamped in the central inch of the 
grab specimen. 

In the raveled-strip strength test it is often ob- 
served that several yarns remain unbroken at each 
edge of the raveled strip after the central yarns have 
been ruptured. This condition probably obtains be- 
cause the fringes of the cross yarns are incapable of 
maintaining the crimp of the yarns at the edges of the 
strip specimen. This means that not all of the yarns 
of the strip specimen are 100% efficient in carrying 
the tensile load. The coefficient 0.95 in the above 


equation represents the over-all efficiency of the yarns © 


of the strip specimen to bear the load during the test. 
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Fic. 5. Observed breaking strength (strip) plotted 
against computed breaking strength (strip). 
S = 0.0095 (100 — E)G. 


In other words, if in a warp specimen only 81 of 
the 85 ends bear the load, the fraction 81/85 = 0.953 
represents this efficiency. Similarly, if in a filling 
specimen only 68 of the 72 picks bear the load, the 
fraction 68/72 = 0.945 again represents this effi- 
ciency. Both of these values agree with the coeff- 





SEPTEMBER, 1952 


92 


© & Warp Tear 
¢ Filling Teor 


“N 
~~ 


8 


Picks Per inch 


Tearing Strength - Pounds 


Relationship between tearing strength and 
picks per inch. 


* 
) 
c 
> 
° 
a 
' 
a 
- 
> 
S 
a 
a 
- 
” 
> 
= 
9 


2 3 4 
Tearing Strength - Pounds 
Fic. 7. Relationship between tearing strength and 
breaking strength (strip). 


cient in the above equation. This equation may be 
simplified and rewritten as follows: 


S = 0.0095 (100 — E) G; 
— 105.35 
100 — E 

The grab strength of each fabric was computed 
from the observed strip strength and elongation for 
both warp and filling. These computed values of 
grab strength are plotted against the observed values 


Filling 
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Fic. 8. Relationship between tearing strength and 
elongation (strip). 


of grab strength in Figure 4. The plotted points 
cluster closely about the solid line drawn at 45° 
to the coordinates axes, and 88% of the points fall 
within the two dotted lines, which indicate limits of 
+10%. The observed and computed values thus 
appear to be in very good agreement. 

The strip strength of each fabric was computed 
from the observed grab strength and strip elongation 
for both the warp and filling. These computed val- 
ues of strip strength are plotted against the observed 
values of strip strength in Figure 5. The plotted 
points cluster closely about the solid line drawn at 
45° to the coordinate axes, and, again, 88% of the 
points fall within the two dotted lines, which indicate 
limits of + 10%. The observed and computed val- 
ues thus appear to be in very good agreement. 


Tearing Strength 


The warp tearing strength was decreased when the 
picks per inch were increased, whereas the filling 
tearing strength changed very little, as shown in Fig- 
ure 6. The decrease of the warp tearing strength 
was greatest for the 150-denier filling, which is 
indicated by the slopes of the lines. The tearing 
strength of the filling increased, as expected, when 
the denier of the filling was increased from 75 to 150. 

In Figure 7 the tearing strengths of the fabric are 
plotted against the strip breaking strengths. The 
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plotted points seem to cluster in four distinct groups, 
with considerable scattering in each group. How- 
ever, by considering the over-all relationship, it is 
seen that the tearing strength increases directly with 
the strip strength. 

In Figure 8 the tearing strengths of the fabrics are 
plotted against the strip elongations. The values for 
the warp fall in a separate group from those for the 
filling because of the larger filling elongation. The 
filling values fall into two groups according to the 
denier of the filling yarns. No general relationship 
is indicated between the tearing strength and the 
strip elongation. The apparent higher warp tearing 
strength is not attributed to the lower warp elonga- 
tion but to the higher warp breaking strength, as was 
shown in the general relationship between tearing 
strength and strip breaking strength in Figure 7. 


Crimp 


The warp crimp was 0.8% for the 75-denier filling 
and averaged 1.2% for the 150-denier filling. The 
latter increased from 1.1% for 52 picks/in. to 1.3% 
for 72 picks/in. The filling crimp was 4.9% for the 
75-denier filling and 4.3% for the 150-denier filling. 
There was only a slight increase in filling crimp with 
the number of picks per inch. The difference in 
crimp between the warp and filling can be attributed 
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to the difference between the warp and filling ten- 
sions and to the stiffness of the sized warp yarns. 


Seam Slip page 


The seam slippage, plotted against picks per inch 
in Figure 9, increased with picks and with filling 
denier. This increase was greater for the filling than 
for the warp for each of these factors. In fact, the 
increase was so great that in most fabrics containing 
150-denier filling the sewing thread failed before the 
yarns slipped } in. 

The seam slippage is plotted against tearing 
strength in Figure 10. There does not appear to be 
any relationship between. these two properties. 


Crease Recovery 


The warp and filling crease recovery values were 
not affected significantly by filling denier and by 
the number of picks per inch. The crease recovery 
of the warp was definitely lower than that of the fill- 
ing, and is attributed to the effect of the sizing on 
the warp. 


Resistance to Abrasion 


The resistance to abrasion increased with the num- 
ber of picks per inch for both 75 and 150 filling 
denier. It increased very greatly when the filling 
denier was increased from 75 to 150. Following the | 
method of Schiefer [18], the effect of picks per inch, 
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Fic. 11. Logarithm of observed number of rotations 
of abrasion, R, plotted against values of log R computed 
by using either of the following empirical equations: 
log R= 2.167 + 0.011 P+ 0.0068 D; log R=—2.517 
+ 1.50 log P + 1.70 log D. 


P, and denier of filling, D, on the resistance to abra- 
sion, log R, was expressed empirically by the follow- 
ing equations : 


log R = 2.167 + 0.011P + 0.0068D ; 
log R = — 2.517 + 1.50 log P + 1.70 log D. 


The values of log R computed by these two equations 
agree remarkably well. They are plotted against 
the observed values of log R in Figure 11. The 
plotted points are distributed approximately equally 
about the solid line drawn at 45° to the coordinate 
axes, and 93% of the points fall within the dotted 
lines, which indicate the limits of +5% deviation 
from the solid line. This indicates that the observed 
results of log R are well represented by the above 
equations. The resistance to abrasion of fabrics 
having intermediate values of picks per inch and/or 
denier of filling yarn, but’ containing the same num- 
ber of ends per inch and the same warp yarn, can be 
computed with confidence by means of these equa- 
tions. 

Schiefer [18] suggested the following abrasion- 
resistance index, / : 


=k log R/R,, 


where K and R, are constants. The value of & has 
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Fic. 12. Relationship between air permeability and 
picks per inch. 


not been determined, but recent unpublished data by 
Schiefer indicate that 100 is a conservative value for 
R,. By using this value.for R,, the values of 1/k for 
the computed values of log R were determined (see 
Table IV). Finally, the values of //k are divided 
by 1.25, which is the value of //k for the fabric con- 
taining 52 picks/in. and 75-denier filling yarn. 
These ratios indicate that the resistance to abrasion 
increased 9% when the picks per inch were increased 
from 52 to 62 or from 62 to 72, and that the resistance 
to abrasion increased 40% when the filling denier 
was increased from 75 to 150. 


Air Permeability 


The effect of picks per inch and of filling denier 
on the air permeability is shown in Figure 12. The 
air permeability decreased linearly as the number 
of picks was increased. This decrease is equal to 
9 ft.3/(min. x ft.?) per pick for both the 75- and 150- 
denier filling. The air permeability decreased 150 
ft.2/(min. x ft.2) when the filling denier was in- 
creased from 75 to 150—that is, 2 ft.*/(min. x ft.*) 





TABLE IV. Vatvues or J/k FOR THE 
COMPUTED VALUES OF LOG R 


(I/k = LoG R/R, = LoG R — 2.00 WHEN R, = 100) 


D=i%75 D = 150 
52 62 72 52 62 72 
p.p.i. p.p.i. p.p.i. p.p.i. p.p.i.  p.p.i. 
ComputedlogR 3.25 3.36 347 3.76 3.87 3.98 
I/k 1.25 1.36 147 1.76 1.87 1.98 
(I/k)/1.25 1.00 1.09 118 141 1.50 1.58 
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Fic. 13. Observed air permeability plotted against 
computed air permeability, A, using the equation 


A = 1033 —2 D= 9 P, where D indicates filling denier 
and P indicates picks per inch. 


per denier. The air permeability, A, can therefore 
be expressed in terms of picks per inch, P, and filling 
denier, D, by the following equation: 


A = 1033 — 2D — OP. 


The values of A computed for each fabric by means 
of this equation are plotted in Figure 13 against the 
observed values. The plotted points are distributed 
approximately equally about the solid line drawn 
at 45° to the coordinate axes, indicating that the ob- 
served results of A are well represented by the above 
equation. The air permeability of fabrics having 
intermediate values of picks per inch and/or denier 
of filling yarn, but containing the same number of 
ends per inch and the same warp yarn, can be com- 
puted with confidénce by means of this equation. 


Bibliography 


1. American Society for Testing Materials, Standard 
General Methods of Testing Woven Materials 
(designation 39-39), in “A.S.T.M. Standards,” 
Philadelphia, Oct. 1951. 

2. Backer, S., Relationship Between the Structural 
Geometry of a Textile Fabric and Its Physical 
Properties: Part I: Literature Review, TEXTILE 
RESEARCH JouRNAL 18, 650-8 (1948); Part II: 
The Mechanics of Fabric Abrasion, ibid. 21, 
453-68 (1951); Part IIL: Textile Geometry and 
Abrasion-Resistance, ibid. 21, 635-54 (1951); 
Part IV: Interstice Geometry and Air Perme- 
ability, ibid. 21, 482-509 (1951). 

. Bohringer, H., and Graf, W., Aus der Zellwoll- 

forschung: Gebrauchsgewebe aus Verschiedenen 

Faserarten und ihre Giitevergleich, Melliand Tex- 

tilber. 24, 347-52 (1943). 


Ww 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


a1. 


22. 


23. 
(Manuscript received June 10, 1952.) 


. Buck, G., and McCord, F., Crease-Resistance and 
. Crawshaw, H., Morton, W. E., and Brown, K. C, 
. Essam, J. M., Physical Properties of Fabrics: Effect 
. Federal Specifications CCC-T-191 b, “Textile Test 
. Hamburger, W. J., Effect of Yarn Elongation on 


. Hamburger, W. J., Industrial Application of the 





TEXTILE RESEARCH JouRNAL 
Cotton, TEXTILE RESEARCH JOURNAL 19, 216-46 
(1949). 


Experiments in Fabric Wear Testing, J. Textile 
Inst. 22, T64-76 (1931). 


of Yarn and Weaving Structure, J. Textile Inst, 
19, T37-58 (1928) ; 20, T275-93 (1929). 


Methods,” Washington, D. C., U. S. Government 
Printing Office, May 1951. 


Parachute Fabric Strength, 
Monthly 23, 51-3, 85-6 (1942). 


Rayon Textile 


Stress-Strain Relationship, J. Textile Inst. 40, 
P700-20 (1949). 

Hotte, G. H., Investigation of Fabric Structure and 
Its Relation to Certain Physical Properties, Tex- 
TILE RESEARCH JOURNAL 20, 811-28 (1950). 

Peirce, F. T., Geometry of Cloth Structure, J. Tex- 
tile Inst. 28, T45-96 (1937). 

Peirce, F. T., Geometrical Principles Applicable to 
the Design of Functional Fabrics, TeExtite Re- 
SEARCH JOURNAL 17, 123-47 (1947). 

Ramsthaler, K., Beitrag zur Beurteilung des Ein- 
flusses der Faserfeinheit und Faserlange auf den 
Gebrauchswert eines Zellwollgewebes, Melliand 
Textilber. 24, 422-4, 459-62, 493-7 (1943). 

Schiefer, H. F., Cleveland, R. S., Porter, J. W., 
and Miller, J. R., Effect of Weave on the Proper- 
ties of Cloth, J. Research Natl. Bur. Standards 
11, 441-51 (1933). 

Schiefer, H. F., and Taft, D. H., Mechanical Proper- 
ties of Cotton Yarns, J. Research Natl. Bur. 
Standards 15, 237-53 (1935). 

Schiefer, H. F., and Taft, D. H., Effect of Yarn 
Twist on the Properties of Cloth, J. Research 
Natl. Bur. Standards 16, 131-8 (1936). 

Schiefer, H. F., Taft, D. H., and Porter, J. W., 
Effect of Number of Warp and Filling Yarns per 
Inch and Some Other Elements of Construction 
on the Properties of Cloth, J. Research Natl. Bur. 
Standards 16, 138-47 (1936). 

Schiefer, H. F., and Werntz, C. W., Interpretation 
of Tests for Resistance to Abrasion of Textiles, 

-TExTILE RESEARCH JouRNAL 22, 1-12 (1952). 

Stoll, R., Die Verbesserung der Haltbarkeit von 
Zellwollgeweben durch geeignete Titer und 
Stapellinge, Melliand Te-xtilber. 22, 125-9, 253-5, 
308-14 (1941). 

Tait, J. H., Rayon Lining Fabrics: Resistance to 
Abrasion, Rayon Textile Monthly 26, 171-2 
(1945). 

Textile Organon, “Annual Rayon Review,” New 
York, Textile Economics Bureau, Inc., Feb. 1952. 

Textile Research Department, American Viscose 
Corp., “Rayon Technology,” New York, McGraw- 
Hill Book Co., 1948. 

Whittier, B. L., unpublished data. 


SepTEMBER, 1952 


609 


Effects of Unfiltered Carbon Arc Light in Acceler- 
ated Weathering of Cotton and Other Textiles 


J. D. Dean, C. M. Fleming, and R. T. O’Connor 


Southern Regional Research Laboratory,* New Orleans, Louisiana 


Abstract 


The degradative effects produced in cotton and other textile fibers by unfiltered light from 
a “Sunshine” type carbon arc lamp were compared with those which occurred in identical mate- 
rials during natural weather exposure tests, in which sunlight is believed to be the chief degrading 


factor. 


These comparative tests were designed to afford needed information about the action of 


short-wave radiation on textiles, and to evaluate the practical utility of such radiation in accel- 


erated weathering techniques. 





An EARLIER REPORT from this Laboratory 
[6] presented data on the comparative strength losses 
caused in like samples of chemically finished cotton 
duck by the action of natural weather and by accel- 
erated weathering methods. Although statistically 
the over-all results of these tests showed a fair de- 
gree of correlation, instances of inconsistent perform- 
ance in the different types of exposure were suffi- 
ciently numerous to render doubtful the practical 
value of the accelerated weathering techniques 
employed. 

The accelerated tests were based on irradiation by 
a “Sunshine” type carbon arc lamp which was oper- 
ated in different tests both with and without an ac- 
companying intermittent water spray. When this 
lamp was surrounded by the Corex D type glass fil- 
ter, with which the weathering device was equipped, 
irradiation continued for 500 hrs. caused only about 
15% strength loss in the unfinished duck control 
sample. The arc was therefore used unscreened in 
the greater part of the work in order to insure a more 
rapid breakdown of fabric samples. 

It was not clear why the strength losses of some 
samples in the natural and accelerated exposure tests 
were in good agreement while those of others showed 
wide variations. Since the unfiltered arc light is 
known to contain a considerable amount of short- 
wave radiation which is not present in sunlight at 
the earth’s surface, it seemed possible that the in- 
consistent performance of certain samples in the tests 


*One of the laboratories of the Bureau of Agricultural 
and Industrial Chemistry, Agricultural Research Adminis- 
tration, U. S. Department of Agriculture. 


was chiefly due to their varied response to irradiation 
by light of different qualities. If justified, this as- 
sumption would indicate that serious complications in 
test results could be caused by the use of any artificial 
light which differs significantly from sunlight in its 
characteristics. Yet the unfiltered carbon arc light 
appears to be the only instrument immediately avail- 
able for conducting much needed accelerated weather- 
ing tests. It was therefore considered advisable to 
explore more thoroughly the practical utility of such 
radiation in textile work. A new series of natural 
and accelerated weathering tests was accordingly 
undertaken. These comparative tests were made 
chiefly with samples of finished and unfinished light 
cotton print cloth, although for additional information 
several yarns of both cellulosic and noncellulosic 
fibers were included in the investigation. 

Research conducted during recent years in this 
country and abroad has contributed greatly to knowl- 
edge of the processes by which light of different wave 
lengths acts to break down cellulose. The present 
problem, however, is of a somewhat broader nature. 
The effective portion of the light used in the accel- 
erated tests contained both near and far ultraviolet 
radiation, and the materials subjected in replicate 
samples to the action of this light and of natural sun- 
light consisted of cleaned cotton, cotton in intimate 
contact with certain finishing compounds, and yarns 
made from several noncotton fibers. 

Results of the different exposure tests are pre- 
sented in this paper. The somewhat limited area of 
practical usefulness found for the unfiltered arc radi- 
ation is indicated, and the degradation data secured 
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in all tests are considered in connection with the 
laws which govern the actly of light on textiles and 
other materials. e 


Test Materials 


The textiles employed were (1) a bleached cotton 
print cloth counting 64 x 60 and weighing 2.9 
oz./sq.yd., gray basis; (2). samples of the print cloth 
treated with a range of selected chemical finishes ; 
(3) a cotton 36s yarn; and (4) several yarns made 
from fibers other than cotton, ranging in sizes from 
36s to 20s in the cotton system. 

In preparation for testing, the cotton print cloth 
was alkali-scoured and lightly bleached with hydrogen 
peroxide. Cotton and other cellulosic yarns (linen 
and ramie) were boiled off in several changes of a 
2% solution of sodium hydroxide. Other yarns 
(wool, silk, etc.) were scoured for 1 hr. at 160°F in 
a 0.25% solution of a synthetic detergent. 

The preliminary cleaning treatments were designed 
to remove from the fabric or yarns natural impurities 
or extraneous materials which furnish readily. avail- 
able nutrition for microorganisms, and thus to reduce 
the possibility of mildew during outdoor exposure. 
Since biological attack of textiles could not occur in 
the brief accelerated tests which employ ultraviolet 
light, removal of the biological factor in the natural 
exposure conditions was believed to make the results 
of the different tests more fairly comparable. 

The different chemical finishes and the concentra- 
tions in which they were applied to the print cloth 
are given in Table I. Yarn specifications are listed 
in Table II. Although these yarns differed some- 
what in respect to sizes and twist constants, such de- 
tails were not significant in tests which compared the 
behavior of identical yarn samples under different 
conditions of exposure. 


Test Methods 


In order to insure good differentiation of results, 
all exposure tests were continued until the unfinished 
cotton fabric or yarn sample which served in each 
as a control had lost at least 50% of its original 
breaking strength. 

Strength losses in fabric samples and changes of 
fluidity in cellulosic materials were measured by 
methods previously described [3]. Yarn strength 
determinations were made on a vertical single-strand 
testing device, with the average strength in grams of 
50 breaks recorded for each test. 
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TABLE I. CHEMICAL FINISHES ON Corton PRINT CLota 








Add-on 
Compound (%) 
Untreated control a 
Copper as naphthenate 0.9 
Copper as 8-quinolinolate 0.2 
Army-type finish* 55.0 (approx.) 
Vat dye, yellow 5.0 
Vat dye, green 5.0 
Vat dye, brown 5.0 
Vat dye, blue 5.0 
Quaternary water-repellent 6.0 
Lead chromate 2.0 
Urea formaldehyde resin 5.0 
Melamine formaldehyde acid gel 5.0 


* Fire-, water-, weather-, and mildew-resistant. 





TABLE. II. “YARNS OF Corron AND OTHER Fibers 





Yarn 

number Twist 

(cotton (turns/ 
Fiber Chemical nature ‘system) Denier in.) 
Cotton cellulose 36s 150 20.0 
Linen cellulose 20s 270 12.5 
Ramie cellulose 20s 270 20.0 
Wool protein polypeptide 36s 150 17.0 
Silk protein 36s 150 4.5 

Synthetic 1 polyamide 36s 150 6.75 
Synthetic 2 polyacrylonitrile 26s 200 10.0 
Synthetic 3 vinylidene 26s 200 5.0 








In the natural weather exposure tests of finished 
and unfinished print cloth, duplicate samples were 
placed on open-back racks at an angle of 45° south 
for a total period of 6 months (Apr. 1 to Oct. 1). 
Results were averaged from the duplicate samples. 

Yarns for natural weather exposure testing were 
strung in parallel strands on special wood frames 
which were fixed in place on the exposure racks 
(Figure 1). In order to prevent slacking or tan- 
gling of the yarns when wet by rain or dew, the bot- 
tom members were made movable and small weights 
were attached to keep the yarns just taut under all 
conditions. The yarn tests were continued for 6 
weeks, this period in summer proving sufficient to 
produce strength losses of 50% or more in the 
cleaned cotton 36s control. 

Artificial exposure tests were made in a standard 
type accelerated weathering unit [6], using the “Sun- 
shine” type carbon arc without filters. Fabric sam- 
ples in one series of tests were wet during irradiation 
with a spray of distilled water which was operated on 
a schedule of 3 min. of spray in each 2 hrs.; in an- 
other series the samples were irradiated without 
spray. These tests were continued for 15 hrs. 
Temperatures at the sample surfaces during irradi- 
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Fic. 1. Yarns mounted for natu- 
ral weather exposure test. 


ation in this unit ranged from 35°C when freshly 
sprayed to a maximum of 60°C when dry. The am- 
bient atmosphere was maintained at 30%-35% rela- 
tive humidity. In these accelerated tests, yarns were 
strung on small wood frames which were made with- 
out means of extension and were exposed only to arc 
irradiation without spray for a period of 10 hrs. 
Assuming that the necessary instrumental controls 
were available, it was evident that conditions of mois- 
ture, temperature, and irradiation-spray cycles could 
be varied almost endlessly in this type of test. The 
artificial exposure conditions employed therefore 
represented but two sets out of many possibilities, 
although there was no reason to conclude that dif- 
ferent selections would have given better results. 
For convenience of reference, the different expo- 
sure tests employed were designated as follows: A, 
natural weather ; B, irradiation by the unfiltered car- 
bon are, plus spray; C, irradiation by the unfiltered 
carbon arc, dry. All fabric samples received tests 
A, B, and C; yarn samples received tests A and C. 


Experimental Results 
Print Cloth 


Changes in breaking strength and cuprammonium 
fluidity * caused in fabric samples by exposure in 


* Fluidity values were not determined for the two resin- 
finished samples. 


the three parallel tests are shown in Table III. It 
is evident from these data that marked variations in 
the degradative effects of identical samples were pro- 
duced by the different conditions of exposure, and 
that these variations were even more pronounced in 
the fluidity increases than in the strength losses. 
While losses in breaking strength of the untreated 
control samples were approximately equal in a'l tests, 
the fluidity increases of these samples were highest 
in A, lowest in C, and intermediate in B, although the 
B value approached quite closely that of A. The be- 
havior of the chemically finished samples showed no 
conformance with the degradation pattern of the con- 
trols. Strength losses varied widely in these samples 
from test to test, and the fluidity increases, almost 
regardless of individual strength losses, were gener- 
ally at a much lower level in the artificial than in the 
natural exposure conditions. This point was best 
shown by averaging the degradation data in all tests 
for the nine finished samples for which fluidity values 
were determined: % strength losses—A, 64; B, 49; 
C, 61; fluidity increases in rhes—A, 25; B, 7; C, 9. 
Since the fluidity increases of samples in the accel- 
erated weathering tests were generally small and not 
well differentiated, it was necessary to rely chiefly 
upon the strength losses to determine the sensitizing 
or other: effects: of the various finishing agents. 
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TABLE III. 
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NATURAL AND ACCELERATED WEATHERING, TESTS OF CHEMICALLY FINISHED COTTON PRINT CLotTH 


Fluidity Breaking strength loss Fluidity increase 
(unexposed) (%) (rhes)* 

Finishing compounds Symbol (rhes) A B Cc A B C 
Untreated control Cc a5 63 64 65 26 24 18 
Copper naphthenate CuN 2.8 85 54 51 38 7 5 
Copper 8-quinolinolate Cu8 2.8 63 55 64 30 5 5 
Army-type finish AT 2.7 39 63 67 10 6 14 
Vat dye, yellow VY 3.0 76 43 54 31 15 15 
Vat dye, green VG at 54 43 60 21 4 5 
Vat dye, brown VBr 3.0 77 42 61 27 6 9 
Vat dye, blue VB 2.9 68 35 57 23 4 5 
Water-repellent Q 3.0 71 44 70 29 7 8 
Lead chromate LC 3.5 45 59 67 18 7 12 
Urea formaldehyde UF — 38 9 22 — — _ 
Melamine formaldehyde MF — 51 28 46 — a _ 





* Fluidity increases are given to the nearest whole numbers. 


From a comparison of such losses in individual sam- 
ples with those of the unfinished controls, it was pos- 
sible to classify the effects of the finishes in each test 
as either “sensitizing,” “protective,” or “inactive,” 
the last description being applied to samples in which 
the % strength loss differed from that of the control 
by not more than 5 units. By this classification, 
which included the two resin-treated samples, the 
eleven different finishes (designated by the symbols 
of Table III) were arranged as follows: 


Effect of finish 


Test Protective Inactive Sensitizing 
A UF, AT, LC, MF, Cu8, VB Q, VY, VBr, 
VG CuN 
B UF, MF, VB, LC, AT — 
VBr, VG, VY, 
Q, CuN, Cu8 


C UF, MF, CuN, 
VY, VB 


VG, Cu8, AT, LC, — 

VBr, Q 

The above arrangement showed neither consistent 
agreement nor disagreement in the effects of the dif- 
ferent finishes on cotton in the natural and accel- 
erated weathering tests. Perhaps the best generali- 
zation of results is that finishes which were definitely 
sensitizing in natural weather proved to be protec- 
tive or at least inactive in the artificial exposure con- 
ditions. For example, the copper naphthenate, which 
was sensitzing in outdoor exposure, was protective in 
both of the accelerated weathering tests. In contrast, 


both lead chromate and the Army-type finish, pro- 
tectants in natural weather, were inactive in the B 
and C tests. 

The effects of vat dyes on the light print cloth in 
the natural weathering test differed considerably from 


those observed in an earlier test of the same dyes on 
Army duck [6]. No actual sensitizing influence on 
the heavy and closely woven duck was recorded for 
any of the dyes, although strength losses were con- 
siderably higher in the yellow and brown than in the 
blue and green dyed samples. On the light print 
cloth, however, the green proved to be protective in 
action, the blue indeterminate, and both brown and 
yellow dyes definitely sensitizing. It seemed pos- 
sible that the better penetration of the light cloth se- 
cured in dyeing with the vat colors serves to differ- 
entiate more sharply their individual effects on the 
cotton during exposure to weather. 

When viewed as groups in the different tests, 5 of 
the finishes were rated protective, 2 inactive, and 4 
sensitizing in A ; 9 were protective and 2 inactive in 
B; and 5 were protective and 6 inactive in C. 


The results of the finished print cloth tests again | 


indicate that when irradiated by the unfiltered car- 
bon arc light, with or without water spray, the influ- 
ence of the different chemical treatments on the cot- 


. ton fabric is often entirely unlike their effects in natu- 


ral weather. Although the finishing agents repre- 
sented a wide range of compounds, their general non- 
sensitizing tendency in the accelerated weathering 
tests appeared to be unrelated to chemical structure. 


Cotton and Other Yarns 


Figure 2 shows graphically the strength losses 
(open bars) and fluidity increases (cross-hatched 
bars) for the cellulosic yarns (strength losses only 
are given for other yarns) which were determined 
after exposure for 6 weeks to natural weather (A), 
and after irradiation for 10 hrs. by unfiltered arc light 
without spray (C). These results indicate that 
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Fic. 2. Natural (A) and accelerated (C) weathering 
tests of cotton and other yarns. 
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among the eight different fibers represented, strength 
losses caused by the arc irradiation are related in a 
general but rather significant manner to those caused 
by exposure to natural weather. Four of the yarns— 
cotton, linen, ramie, and silk—suffered losses of 
above 60% in outdoor exposure and of 50% or more 
in the accelerated test. In contrast, the greatest loss 
suffered in any of the other yarns—wool and three 
synthetics—was 35% in natural weather and 16% in 
arc irradiation. In proportion to the strength losses 
observed, fluidity increases in the cellulosic yarns 
were consistently lower in the artificial than in the 
natural exposure tests. 

Although examination of a much greater variety of 
fibers would be required before positive conclusions 
could be reached, the results of these limited tests 
suggested that fibers which are resistant to the action 
of the unfiltered arc light are also the most resistant 
to the action of natural weather. When radiation 
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effects were not complicated by the presence of chemi- 
cal finishes, the accelerated weathering test appeared 
to be of possible value in determining the weather- 
resisting qualities of different textile fibers. 

From the results reported to this point it can be 
concluded that irradiation by the unfiltered arc light 
for relatively brief periods produces strength losses 
in unfinished cotton and several other fibers which 
agree roughly with those of the natural weathering 
test, although the accompanying fluidity increases in 
the cellulosic fibers are generally low. Similar ir- 
radiation of chemically finished cotton, however, gave 
strikingly inconsistent results with respect to both 
strength and fluidity changes. In order to provide 
some basis for interpreting these conflicting data, it 
is necessary to examine the different kinds of radi- 
ation received by the samples in the various tests, as 
well as the effects of these differences on the finished 
and unfinished textiles. 


Light of Different Qualities 


Figure 3 illustrates diagrammatically the pertinent 
light spectra. The ultraviolet present in sunlight at 
the earth’s surface constitutes less than 3% of the 
total incident energy, and, extending from 3900 A. 
down to 2900 A., is practically confined to the region 
known as the “near ultraviolet.” In contrast, light 
emitted by the “Sunshine” carbon arc contains from 
12% to 15% of short-wave energy which extends 
down to 2200 A., or nearly through the “far ultra- 
violet.” 

The spectral distribution curves prepared by 
Greider [7] show that the maximum energy output 
of sunlight is at approximately 6000 A. in the visible 
portion of the spectrum, while that of the “Sunshine”’ 
carbon arc is close to 3900 A. in the ultraviolet re- 
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gion. Calculated in microwatts/cm.’, the relative 
energy values at 6000 A. are about 13,750 for sun- 
light and 700 for the carbon arc; at 3900 A. the sun- 
light value is roughly 5000, and that for the arc 1450. 

There is a marked difference between the radiation 
of sunlight and that of the “Sunshine” carbon arc. 
Not only does the latter reach its greatest intensity in 
the ultraviolet region, but it also contains both near 
and far ultraviolet radiation. The effects of these 


differences upon irradiated textiles remain to be 


considered. 

The laws of photochemistry require that in order 
to cause chemical change in any substance, light must 
not only he absorbed but must also be of sufficiently 
high energy content to influence the molecular struc- 
ture of the irradiated material. As expressed by 
Campbell and Fynn [1], these fundamental laws 
show that the absorption of radiant energy will pro- 
duce chemical change to an extent dependent upon 
the frequency of the radiation absorbed, higher fre- 
quencies (shorter wave lengths) producing greater 
change because they represent greater amounts of 
energy per unit of radiation. 

It is evident that the light-absorbing characteristics 
of cotton are of primary importance in respect to the 
degradative effects produced in it by light of different 
qualities. For information on this point, a repre- 
sentative sample of American cotton was examined 
spectrophotometrically to determine the relative 
amounts of light absorbed through the visible and 
ultraviolet regions of the spectrum. The cotton used 
for this purpose was specially prepared at the Na- 
tional Bureau of Standards for optical measurements. 
Absorption values were determined from portions of 
the finely ground material which were uniformly dis- 
persed in a purified white mineral oil and pressed 
between quartz plates. Matched quartz plates con- 
taining only the oil served as reference or control 
samples. 

The absorption curve plotted from the data se- 
cured is shown in Figure 4. The results appear to 
be in good qualitative agreement with those of Cham- 
petier and Marton [2], who had earlier measured the 
light-absorbing qualities of cotton cellulose by a re- 
flection method. The figure shows that the absorp- 
tion of light by cotton is negligible in the visible por- 
tion of the spectrum. It increases only gradually 
through the near ultraviolet region, and does not 
reach a maximum until below 2200 A. in the far 
ultraviolet region. 
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A second important factor in irradiation studies is 
the energy content (quanta) of light at different fre- 
quencies. The energy required to cause one gram 
molecule of any substance to react photochemically 
is the quantity known as the “eins‘ein.” Einstein 
values computed at a wide range of frequencies 
throughout the spectrum make clear the vast differ- 
ences in the energies associated with radiation at 
various wave lengths. Some of these values at char- 
acteristic positions in the spectrum are as follows: 














Wave length Einsteins 
(A.) Spectral region (kilocalories) 
1 x-rays . 284,300 
10 vacuum ultraviolet 28,430 
2000 far ultraviolet 142 
3000 near ultraviolet 94.8 
10000 near infrared 28.4 






From the laws which govern light absorption and 
photochemical action, certain conclusions can be 
drawn regarding the irradiation of cotton by both 
natural and artificial light. These are summarized 
as follows: (@) cotton absorbs significantly only radi- 
ation in the far ultraviolet region; (b) natural sun- 
light has no radiation in the far ultraviolet region, 
and is very slightly absorbed by cotton; (c) the un- 
filtered “Sunshine” carbon arc emits appreciable radi- 
ation in the far ultraviolet region which is absorbed 
by cotton to produce photochemical effects. 

It is evident that uniformly consistent results ‘can 
not be expected when textile materials are degraded 
in exposure tests which involve irradiation by light 
of different characteristics. There is available, how- 
ever, considerable information on the processes by 
which certain kinds of radiation may act to break 
down cellulosic fibers. 
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Mechanisms of Degradation 


The recent work of Egerton [4, 5] in England has 
produced much evidence of the oxidative nature of 
the change caused in cotton by exposure to light of 
wave length greater than 3400 A. It was concluded 
from the results of carefully conducted experiments 
that near ultraviolet light is of insufficient energy 
content to cause direct molecular change in cellulose, 
but is able to excite the surrounding atmospheric oxy- 
gen molecules, which then attack the cotton. When 
water vapor is present in the system, the activated 
oxygen is assumed to react with it to form hydrogen 
peroxide, the combination of activated oxygen and 
peroxide effecting a more rapid oxidation of the cellu- 
lose. When, however, cotton was irradiated by the 
far ultraviolet light, supplied in nearly monochro- 
matic form at 2537 A. by a special type of quartz 
mercury-vapor lamp, the energy content of that radi- 
ation was found sufficient to cause dissociation of the 
cellulose molecules (photolysis), independent of the 
presence or absence of oxygen. This type of degra- 


dation resulted in strength losses in cotton yarn 
which were accompanied by relatively small increases 
in the cuprammonium fluidity. 

Launer and Wilson [9] in this country also found 


that the presence of oxygen is essential for near ultra- 
violet degradation of cellulose but is not necessary for 
far ultraviolet degradation. They observed in addi- 
tion that photolysis is inhibited by the presence of 
water vapor, although this effect apparently was 
noted chiefly in the initial stage of degradation and 
was confined to a small range of fluidity increase. 

From the work of these investigators it was pos- 
sible to construct a fairly definite picture of the meth- 
ods by which light acts to break down cellulose. One 
of these may be called the “normal” process, since it 
is characteristic of sunlight or near ultraviolet radi- 
ation. It is apparently oxidative in nature, is gener- 
ally slow in action, though accelerated by the presence 
of moisture, and causes strength losses in cotton 
materials which are accompanied by relatively large 
fluidity increases. The second or far ultraviolet 
degradative process is more rapid in action, 
breaking down cellulose by molecular dissociation 
which is independent of the presence of oxygen but 
in its early stages is inhibited by moisture, and causes 
strength losses in cotton which are accompanied by 
small fluidity increases. 

Helpful as these reports were, they did not solve 
the problems which attended the use of unfiltered 
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carbon arc light in textile testing, particularly when 
chemically finished cotton samples were under in- 
vestigation. In fact, Egerton and Launer and 
Wilson referred to the probable complications that 
would occur in test results if textile materials were 
irradiated by heterogeneous ultraviolet light. 

The small fluidity increase observed in a sample 
of unfinished cotton fabric which was irradiated by 
the unfiltered carbon arc light without spray (Table 
II1) suggested that the degradation may have been 
due in part to a photolytic effect in the far ultraviolet 
region, such action being far less marked when the 
use of an intermittent water spray resulted in a 
higher average moisture content of the irradiated 
fabric. It is possible, however, that the different 
fluidity values at points of equal strength loss in these 
accelerated tests could largely be accounted for by 
nonuniform penetration of light into the fabric, a 
greater amount of cotton being exposed to irradiation 
in the arc-plus-spray test by movement due to alter- 
nate relaxing and contracting of the fabric yarns as 
they were in turn wet and dry. 

The fluidity changes of chemically finished cotton 
noted in the accelerated weathering tests seemed to 
be largely independent of the presence or absence of 
moisture during irradiation. From the widely di- 
verse effects produced in cotton by these finishing 
agents under different conditions of exposure, it could 
be concluded that the mechanisms by which such 
compounds operate are extremely complex in nature, 
probably involving special factors of radiant energy 
absorption and transmission. Of interest in this con- 
nection was a suggestion formerly made by Henk [8] 
in explanation of the observed sensitizing action of 
certain dyes on cotton during weather exposure tests. 
Some of these compounds were believed to have the 
power of transforming incident light of long wave 
length into that of much shorter wave length, and 
thus aggravating the effect of the total irradiation. 
This explanation would no doubt also apply to the 
sensitizing effect on cotton of compounds other than 
dyes, as in the present natural weather exposure test. 
By a similar line of reasoning it could also be inferred 
that in heterogeneous ultraviolet light irradiation 
these same finishing compounds reverse the process 
and convert short-wave radiation into longer wave 
lengths which are not absorbed by the cotton. 


Summary and Conclusions 


The degradative effects caused in cotton and sev- 
eral other textile fibers by unfiltered radiation sup- 





616 


plied by a “Sunshine” type carbon arc were compared 
with those resulting from the exposure of like sam- 
ples to the action of natural weather. The materials 
tested consisted of a bleached cotton print cloth, both 
finished and unfinished; cotton yarns; and several 
yarns made from other fibers, both cellulosic and 
noncellulosic. All of these materials received ap- 
propriate cleaning treatments before testing. Fabric 
samples were exposed to natural weather for 6 
months, and yarns for 6 weeks. In the accelerated 
tests fabric samples were irradiated for a total of 15 
hrs., both with and without water spray; yarns for 
10 hrs., without spray. Breaking strength losses 
were determined for all samples, while fluidity in- 
creases were measured in a majority of the cellulosic 
textiles. These effects were studied with special 
reference to the possible practical utility of the un- 
filtered arc radiation in regular textile testing. 

When unfinished cotton print cloth was irradiated 
for 15 hrs. by light from the carbon arc, either with 
or without water spray, the resulting strength losses 
were of the same order as those caused by exposing 
the fabric for 6 months to natural weather. Fluidity 
increases in these tests were greatest in natural 
weather, lowest in the dry arc irradiation, and inter- 
mediate but approaching those of natural weather in 
the arc-plus-spray test. 

Results of the accelerated tests of chemically fin- 
ished print cloth were highly misleading in respect 
to the performance of like samples exposed to the 
action of natural weather. Fluidity values in the 
artificial tests were generally small and poorly dif- 
ferentiated, while strength losses varied widely from 
those observed in natural weather. Although sev- 
eral of the finishing compounds acted to increase 
degradation of the cotton in natural exposure condi- 
tions, all of them proved to be nonsensitizing to cot- 
ton in the accelerated tests. These results gave no 
indication that the unfiltered carbon arc radiation 
could be used to advantage:in predicting the dura- 
bility of chemically finished cotton in outdoor service. 
It could instead be concluded that correlation among 
strength losses of finished samples in the two types 
of test is governed largely by the nature of the fin- 
ishing agents. Agreement would be good if a ma- 
jority of these compounds proved to be nonsensitizing 
in natural weather, but poor if many of them wer 
actively sensitizing. 
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The strength losses suffered by the different yarns 
after 10 hrs. of arc irradiation were found to be in 
fair qualitative agreement with those caused by 6 
weeks of exposure to natural weather. Although the 
fluidity increases which occurred in the cellulosic 
yarns during carbon arc irradiation were consistently 
lower than those observed in replicate samples ex- 
posed to natural weather, the general agreement of 
strength losses in the different tests suggested some 
possible value for the unfiltered arc radiation in de- 
termining the weather-resisting qualities of unfin- 
ished textile fibers. 

Information available from several sources made 
it possible to identify with some certainty the dif- 
ferent mechanisms by which either near or far ultra- 
violet light acts to break down cellulose. No satis- 
factory explanation could be advanced for the puz- 


zling effects of heterogeneous ultraviolet light on § 


chemically finished cotton, beyond the rather indefi- 
nite suggestion that various finishing agents may 
possess the power of absorbing light at certain fre- 
quencies and then re-emitting it at other frequencies. 
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Use of a Servo System for Automatic Operation 
of the Fibrograph 


John D. Tallant 


Southern Regional Research Laboratory,* New Orleans, Louisiana 


Abstract 


A simple method, which requires virtually no change in the Fibrograph, is described for 
converting the instrument to automatic operation by the use of a servo system. The accessories 


required are rugged and are commercially available. 


Smoother fibrogram curves are obtained 


by this method, and less time is required because the operator is free to comb the next test 


sample while a fibrogram curve is being drawn. 


Tue TIME-CONSUMING and fatiguing opera- 
tions incident to the use of the Fibrograph for the 
measurement of the length of cotton can be mecha- 
nized. This is accomplished by using a small low- 
speed motor to drive the left handwheel and by 
replacing the use of the galvanometer and manual 
operation of the right handwheel with a servo system 
to maintain balance by driving this handwheel. 

The parts required are standard and are commer- 
cially available. The principal parts are a “chart 
drive” or fractional horsepower motor with built-in 
gear speed reducer, rated at 2 r.p.m. and 80 in.-oz. 
torque (Bodine KYC22RC, Bodine Electric Co.7), 
and a servo system of the type used in recording 
potentiometers. The servo system used in this ex- 
perimental adaptation was a Brown Electronik servo 
amplifier Model No. 77993-1 with a balancing motor 
rated at 27 r.p.m. maximum speed. 


Details of Modification 


A schematic diagram of the electric circuit modi- 
fication is shown in Figure 1. The leads were re- 
moved from the galvanometer of the Fibrograph and 
were attached to a double-pole double-throw switch 
so that connections could be made to allow either 
manual or automatic operation. It is essential to 
disconnect the galvanometer during automatic opera- 
tion with the servo system because the movement of 


* One of the laboratories of the Bureau of Agricultural and 
Industrial Chemistry, Agricultural Research Administration, 
U. S. Department of Agriculture. 

t Mention of names of firms or trade products does not 
imply that they are endorsed or recommended by the U. S. 
Department of Agriculture over other firms or similar prod- 
ucts not mentioned. 


the galvanometer coil in its magnetic field generates 
spurious voltages which influence the behavior of the 
servo balancing motor. 

Because the sensitivity of the servo amplifier was 
greater than needed, resistors R,, R., and R, were 
used to form a voltage divider network to reduce the 
signal strength from the Fibrograph amplifier to 
about one-sixth of the original value. Resistors were 
chosen of such values that proper operation is ob- 
tained with the servo amplifier gain control advanced 
approximately two-thirds. 

The capacitors C, and C, serve as filters, and, in 
order to minimize stray pickup of power-line fre- 
quency, they are of the same value. Due to their 
leakage characteristics, electrolytic condensers are not 
satisfactory for the purpose. 

The exact values of the resistors and capacitors 
are not critical. Those with a tolerance of + 10% 


SERVO 


FIBROGRAPH_ : 
AMPLIFIER 


AMPLIFIER 


115 VOLTS AC. 


Fic. 1. Electrical connections between Fibrograph 
and servo amplifier. Sw—Double-pole double-throw 
switch. G—Galvanometer. R, and Ry—6800 ohms, 
3-watt resistors. R,—2200 ohms, }4-watt resistor. C, 
and Co—1 mfd., 400-volt condensers. 
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are adequate and are readily available. 


With differ- 
ent servo amplifiers, resistors of different values than 
those given in Figure 1 may be required. 

A common ground between the Fibrograph case 
and the servo amplifier case is essential. The shield- 
ing of the leads carrying the servo input current may 


serve in this capacity. “Microphone cable” consist- 
ing of two wires enclosed in a flexible shielding is 
especially suitable for this purpose. Grounding to 
a water pipe is not essential, but may reduce stray 
voltage pickup in some locations. 

If on first test after assembly it is found that the 
rotation of the motor is in the wrong direction to 
maintain balance, correct rotation can be obtained 
by reversing the input leads to the servo amplifier. 

The gain control is adjusted so that the shaft of 
the balancing motor will “jitter” slightly in either 
direction. Too much gain causes “hunting” and over- 
shoot, while too little results in sluggishness and lack 
of sensitivity. When once adjusted, this control 
should need no further attention. 

The motors are friction-coupled to the handwheels 
by mounting rubber wheels, made of rubber stoppers, 
on their shafts. For the motor used to drive the left 
handwheel, a rubber wheel 18 in. in diameter was 
found satisfactory to advance the cotton combs about 
¢ in. in 45 sec. The torque and speed requirements 
of the right handwheel were easily met by the servo 
motor fitted with a rubber wheel 1} in. in diameter. 

The motors may be mounted in any fashion desired, 
but preferably in such a manner that their weight 
provides the required friction coupling to the hand- 
wheels. They can then be easily disengaged between 
tests or when the instrument is operated manually. 

If desired, a limit switch of the micro type may be 
mounted on the Fibrograph and used to stop the low- 
speed motor when the comb carrier has been moved 
upward sufficiently. 


Operating Procedure 


The procedure for operating the modified Fibro- 
graph differs only slightly from that described for 
manual operation in the instructions provided by the 
manufacturer and in A.S.T.M. Designation D414— 
49T.* After initially turning on the Fibrograph and 
servo amplifier, the “galvanometer” switch is thrown 
to the “on” position, and the “balance” switch to 


* American Society for Testing Materials, Tentative Gen- 
eral Methods of Testing Cotton Fibers (D414-49T), in 
“A.S.T.M. Standards on Textile Materials,” Philadelphia, 
1951, pp. 298-303. 
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TABLE I. ComparaTivE DATA FOR MANUAL AND 
AUTOMATIC OPERATION OF THE FIBROGRAPH 


eee 





Manual Automatic 
Oper- Oper- Oper- Oper. 
Samples and tests ator A atorB atorA atorB 
No. of tests 40 27 40 27 


Ave. time per test (min.) 7.5 7.5 3.9 4.0 





Cotton No. 1 
No. of tests 25 12 25 12 
Upper half mean (in.) 1.019 0.978 0.992 0.988 
Mean (in.) 0.743 0.706 0.702 0.742 
Cotton No. 2 
No. of tests 5 5 5 5 
Upper half mean (in.) 0.912 0.882 0.916 0.878 
Mean (in.) 0.696 0.670 0.690 0.660 
Cotton No. 3 
No. of tests 5 5 5 5 
Upper half mean (in.) 2416: 1436. 1,182 14% 
Mean (in.) 0.896 0.876 0.932 0.898 
Cotton No. 4 
No. of tests 5 5 5 5 
Upper half mean (in.) 1.236 2.206 1.248 1.202 
Mean (in.) 0.946 0.890 0.946 0.890 
“adjust.” The “adjust” knob is then turned to the 


point which causes the balancing motor to stop or 
turn very slightly, first in one direction and then in 
the other. The “balance” switch is then thrown to 
“test.” With the servo balancing motor coupled 
with the right handwheel and no cotton sample on 
the instrument, the “zero” knob is adjusted until 
the index of the card carrier is aligned with the index 
fixed to the case. With the servo motor coupled to 
the right handwheel, a feedback loop is set up which 
stabilizes the servo system; therefore, the drift en- 
countered is only that of the unmodified Fibrograph. 

Upon lifting the light assembly to place the combs 
carrying the test specimen in position, the servo sys- 
tem will move the card carrier and the horizontal 
base line will be drawn. When the light is placed 
over the sample, the servo system will find the bal- 
ance point. At this time the pen is lifted manually 
to catch on the vertically traveling spring strip and 
is set to draw the fibrogram curve. The motor used 
for driving the left handwheel is then engaged, and 
no further attention is necessary until the curve is 
completely drawn. When the combs have been 
moved upward to the point that no more cotton is 
in the light beam, the pen is moved manually down- 
ward to draw the vertical axis. The combs are 
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removed, the drive motor is disengaged, the comb 
holder is returned manually, and the instrument is 
ready for the next test. 


Comparative Tests 


As the modified Fibrograph has been in use for 
only a short time, the long-range improvement in the 
results contributed by the increased smoothness of 
the fibrogram curves cannot be evaluated. The 
curves were observed to be relatively free from ir- 
regularities. Comparative data for average time of 
making individual tests and. of test results obtained 
by two individuals for four samples of cotton are 
given in Table I. A separate combing was made 
for each individual test. Using automatic operation, 
the combing of a test specimen was done while the 


619 


fibrogram curve for the previous specimen was being 
drawn. 

The particular advantage of the modification of 
the instrument is a reduction in time required per 
test—4 min. for automatic as compared to 7.5 min. 
for manual operation. Another advantage of the use 
of automatic operation is the elimination of the op- 
erator fatigue resulting from the close observation 
required in maintaining galvanometer balance when 
the instrument is used as originally designed. 
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Double Refraction Measurement of Fibers 


CENTRAL LABORATORIES 

N.V. ONDERZOEKINGSINSTITUUT RESEARCH 
A.K.U. AND AFFILIATED COMPANIES 
Arnhem, the Netherlands 

June 20, 1952 


To the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 


In the course of this year an improved method for 
measuring the refractive index and birefringence of 
fibers has been developed in our Physical Labora- 
tory. This method is the fruit of a study of Free- 
man and Preston’s article “A Fibre Refractometer” 


[1]. 


Use is made of the diffraction of white light by 
yarn wound on a frame so as to form a grating, which 
is immersed in a series of liquids whose chromatic 
dispersion curves intersect those of the fiber sub- 
stance in the visible light. 

The apparatus is composed of two sections (see 
Figure 1). In the diffraction section an image of 
the light source, L, is projected by the condenser 
lens, C, on the vertical slit, S,, which stands in the 
focus of the first of a pair of achromatic lenses, 4, 
and A,, of 310 mm. focal length. These lenses are 
mounted together on a table, 7, which can be turned 
about the perpendicular through the center of 4, 
through a small angle in the horizontal in order to 


shift the image of S,, S,’, sideways. Between 4, 












Diffraction section 


and A, a glass cell, G, filled with the immersion 
liquid, and a polarizing filter, P (Polaroid), are 
placed on a fixed platform. 

The spectroscope part of the apparatus consists 
of a Hilger monochromator, by means of which the 
geometric image, S,’, and the diffraction images of 
S, can be analyzed. 

The yarn is wound at low tension on a frame, 
with a pitch equal to about twice the width of the 
yarn. In this way a rough yarn grating in two layers 
is obtained. When this frame is immersed in a 
liquid suited for either of the main refractive indices 
of the fiber, the vertical yarn windings act as a phase 
grating. Spectral analysis of the first-order diffrac- 
tion image of S, formed by the grating reveals a 
well-defined dark band of 50 to 100 A. wide in the 
spectrum. This band is caused by the absence in the 
diffraction images of light of the wave length for 
which the refractive indices of fiber and liquid are 
equal, and thus the medium is homogeneous. With 
weakly birefringent fibers this phenomenon may oc- 
cur for both main refractive indices in one immersion 
liquid. 

In favorable cases—very clear fiber substance and 
regular yarn spacing—a number of additional, less 
distinct, dark interference bands may be observed in 
the spectrum which fulfill the requirements of the 
elementary theory of a phase grating (“laminary 
grating,” Wood [4]). 

The dispersion of the immersion liquids is meas- 
ured in the apparatus by the immersion of a set of 
rectangular standard glass prisms covering the range 
of refractive indices. Using these as biprisms, zero 
deviation is found easily by rotation of the table, T ; 
in the spectroscope the two images of the slit S, then 
coincide, permitting the wave length of equal refrac- 
tive index to be read. 

In order to effect a temperature correction to the 
refractive index, a thermocouple is used, with one 
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Fic. 1. Diffraction section: 
L—light source; C—condenser; 
S,—slit ; T—turntable ; Ay, A.— 
achromatic lenses ; P—polarizing 
filter; G—glass cell; Y—yarn 
grating; Sy’—image of §,. 
Spectroscope section: S.—spec- 
troscope slit; B,, B,—achro- 
matic lenses; D—constant devi- 

' ation prism; E—eyepiece. 












junction in the immersion liquid and the other in 
close contact with the mercury bulb of a standard 
thermometer in an oil bath. The e.m.f. due to the 
temperature difference is read on a sensitive gal- 
vanometer. 

For the interpolation of the chromatic dispersion 
curves of the glass prisms, liquids, and fiber sub- 
stance, Hartmann’s dispersion graph paper is used 
(Kohlrausch [2]). 

The theoretical accuracy attainable with the in- 
strument is estimated at some units in the fifth deci- 
mal place of the refractive index. In practice, how- 
ever, this accuracy is limited to one unit in the fourth 
decimal place by several factors, such as the degree 
of opacity of the yarn, the actual moisture content, 
the (as yet unknown) temperature coefficient of the 
refractive indices of the fiber substance, and the un- 
certainty of interpolation in the dispersion curves. 
The accuracy of our method compares favorably with 
that of the. microscopic methods working with the 
phenomenon of the “Becke lines” (according to 
Saylor [3], at best + 0.0002) and Freeman and 
Preston’s instrument (+ 0.001 [1]). 

Our apparatus has in common with the latter 
method the advantage of yielding an average value 
of the refractive indices of a comparatively large 
yarn sample. 

An extensive program of refractive index measure- 
ments on viscose rayon with the instrument described 
is being carried out in this laboratory. 
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Book hevtuie 


An Introductica to Textile Finishing. J. T. 
Marsh. New York, John Wiley & Sons, Inc., 1951. 
552 pages. Price, $5.50. 


(Reviewed by George H. Wood, The Apponaug 
Company, Apponaug, R. I.) 


This book is designed to bring together a great 
store of knowledge on recent developments in the 
physical and chemical aspects of finishing. The 
chemical side of this subject has received primary 
consideration, but the physical side has by no means 
been neglected. While the older commercial proc- 
esses have been considered here, the author 
places particular emphasis on more recent discoveries. 
He is especially well versed in the application of 
resins to textiles, having been one of the patentees 
in the well-known crease-resisting process of Tootal 
Broadhurst Lee Company, Ltd. 

The book covers all of the common fibers of the 
day woven into all of the common fabrics. Non- 
permanent and permanent effects produced by me- 
chanical mew», , filling materials, by softeners, or 
by chemical modification of the fiber all receive due 
consideration. 

The first two chapters deal with general informa- 
tion on all fibers and finishing machines. 

Chapters III to VIII describe special effects pro- 
duced during the processing of various fibers— 
acetate, cotton, rayon, and wool. These chapters 
deal with such effects as mercerizing, parchmentiz- 
ing, and créping on cottons and rayons, and perma- 
nent setting, milling, nonfelting, and formaldehyde 
treatment on wool. 

In chapters IX to XXI consideration is given to 
actual finishing processes, from the mechanical ef- 
fects produced by sanforizing to the chemical modi- 
fication of the fibers in certain fireproofing methods. 
Starch finishes, weighting materials, delustering, the 
application of cellulose derivatives and resins of 
various kinds, the use of rubber latex, waterproofing, 
mothproofing, and mildewproofing are all discussed 
in these chapters. 

Special emphasis is placed upon resin finishes, 
internal and external, and the two chapters devoted 
to this phase of finishing are worth special mention. 

The book brings together a great deal of informa- 
tion that should be of value to those just entering 


the textile industry, as well as to the experienced 
worker in this field. 


Advances in Carbohydrate Chemistry. Vol. 
VI. Edited by C. S. Hudson and S. M. Cantor. 
New York, Academic Press, Inc., 1951. 442 + xii 
pages. Price, $8.50. 


(Reviewed by Eugene Pacsu, Princeton University, 
Princeton, N. J.) 


Just as in the past volumes of this series, the re- 
viewer of this latest addition to the Advances in Car- 
bohydrate Chemistry finds a rich collection of au- 
thoritative articles presented by a number of ex- 
perts in the broad field of carbohydrate chemistry. 

The book opens with E. L. Hirst’s Obituary of 
Walter Norman Haworth, a befitting memorial to a 
great scientist whose early departure is bemoaned by 
friends and colleagues at home and abroad. 

The first article, The Methyl Ethers of D-Galac- 
tose (52 references), by D. J. Bell, represents a 
most welcome summary of information pertaining 
to these important reference compounds. In The 
Synthesis of Oligosaccharides (240 references), 
W. L. Evans, D. D. Reynolds, and E. A. Talley give 
a scholarly presentation of the vast amount of work 
done by scientists in this field. An article by F. H. 
Newth, The Formation of Furan Compounds from 
Hexoses (90 references), deals with some special 
products of acid degradation of sugars and should be 
of considerable interest to chemists in general. An 
article by R. E. Reeves is an outstanding presenta- 
tion of a fascinating topic, The Cuprammonium- 
Glycoside Complexes (66 references ), the data mostly 
representing the outcome of the author’s original 
investigation. The Chemistry of Ribose (174 refer- 
ences), by R. W. Jeanloz and H. G. Fletcher, Jr., con- 
stitutes a timely summary of our knowledge regard- 
ing one of the biologically most important sugars. 
In the next review, entitled The 2-(Aldo-Polyhy- 
droxyalkyl) Benzimidazoles (54 references), N. K. 
Richtmyer gives a valuable summary of the chem- 
istry of these characteristic sugar derivatives, mainly 
developed in the laboratories of C. S. Hudson and 
of K. P. Link. Both of the articles Trends in the 
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Development of Granular Adsorbents for Sugar 
Refining (19 references), by E. P. Barrett, and 
Aconitic Acid, a By-Product in the Manufacture of 
Sugar (142 references), by R. E. Miller and S. M. 
Cantor, although excellently written and highly in- 
formative in character, seem to be out of place in the 
more classical topics of the Advances. W. A. Bonner 
writes about the Friedel-Crafts and Grignard Proc- 
esses in the Carbohydrate Series (68 references). 
One of the outstanding contributions in the book is 
the last article, entitled The Nitromethane and 2- 
Nitroethanol Syntheses (63 references), by J. C. 
Sowden, who with H. O. L. Fischer made a brilliant 
contribution to synthetic organic chemistry by ap- 
plication of the Nef reaction to carbohydrates. An 
excellent cumulative index for the first five volumes, 
occupying 88 pages, completes the book, which car- 
bohydrate chemists and others interested in this 
field can hardly afford to miss from their desks. 


Chemistry of Wood. Erik Hagglund. 
York, Academic Press, Inc., 1951. 
Price, $13.50. 


New 
564 pages. 


(Reviewed by Harry F. Lewis, Institute of Paper 
Chemistry, Appleton, Wisc.) 


This is a new revised English edition of Holz- 
chemie in which the general plan of the 1939 German 
edition has been followed. Certain parts of the Ger- 
man edition have been completely revised ; other parts 
have been either brought up to date or are very little 
changed. A number of well-known Scandinavian 
wood chemists have collaborated with Dr. Hagglund 
in this new edition, including E. Adler, H. W. 
Giertz, L. Enebo, H. Erdtman, T. Enkvist, S. E. 
Hagglund, and P. W. Lange. 

The volume is well printed on good paper. 
Graphs are clear-cut and easy to follow. After each 
general section are listed the references cited in the 
section ; these references are incorporated with other 
material in a fine over-all author and subject index 
(67 additional pages) at the end of the book. The 
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references used run into the thousands, and are par- 
ticularly complete in terms of European research, 

The outstanding feature of this new edition, in the 
reviewer's opinion, is the chapter on Wood Com. 
ponents and Their Chemical Properties. This covers 
in a well-organized and generally complete manner 
the current status of the chemistry of cellulose, the 
wood polyoses, lignin, and the minor constituents 
of wood, together with a section on fiber-wall struc- 
ture. The section devoted to lignin is of the greatest 
interest for its up-to-the-minute and critical coverage 
of this important constituent. 

The chapters on sulfite and sulfate pulping present 
a good picture of the relation between the funda- 
mentals of wood chemistry and their applications in 
the pulping process. The chapter on delignification, 
referred to in the Introduction as “the chapter on 
bleaching,” is very good as far as it goes. In view 
of the intent expressed in the Introduction, and par- 
ticularly since this volume is published in the United 
States, it is unfortunate that the technically im- 
portant peroxide bleaching has not been included. 
Strictly speaking, the author is correct in not in- 
cluding peroxide bleaching in a chapter entitled 
Delignification with Bleaching Agents since peroxide 
bleaches with the removal of very little lignin. 

The reviewer is unhappy with the casual handling 
of the chemistry of bark, the failure to include the 
results of recent analytical work on the components 
of wood as presented in the section on Wood 
Polyoses and Analyses of Wood, and the absence of 
any discussion of methods for the determination of 
the polymolecularity of pulps and their application 
—a subject of active interest in the United States. 
The chapters on The Carbonization of Wood, Util- 
ization of Wood by Caustic Fusion, and Behavior of 
Wood During Storage contain very little new mate- 
rial. 

These criticisms, which may be ascribed to the 
idiosyncrasies of the reviewer, are not intended as 
reflections on the over-all value of the book, which 
has been read with great interest and profit. Every- 
one concerned with the field of wood chemistry, and 
particularly with the chemistry of its components, 
will want to own the volume. 
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